per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Inicrnational Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT> 



(51) International Patent Classification 5 
C12N 15/20, 15/21, C12P 21/02 
C07K 13/00, C12P 21/08 
C12N5/62, 15/14, 5/10 
C12N1/19, A61K 37/66 
G01N 33/68, C12N 1/21 



A2 



(11) International Publication Number: 



(43) International Publication Date : 



WO 94/10313 



11 May 1994(11.05.94) 



(21) International Application Number: PCT/US93/100I6 

(22) International Filing Date: 19 October 1993 (19.10.93) 



(30) Priority data: 

07/969,890 



30 October 1 992 (30. 1 0.92) US 



(71) Applicants: UNIVERSITY OF FLORIDA [US/US]; 3103 

McCarty Hall, Gainesville, FL 32611-0330 (US). THE 
WOMEN'S RESEARCH INSTITUTE [US/US]- 2903 
East Central, Wichita, KS 67214 (US). 

(72) Inventors: BAZER, Fuller, Warren ; Center for Animal Bi- 

otechnology, Texas A&M University, 442D Kleberg Cen- 
ter, College Station, TX 77843-2471 (US). JOHNSON, 
Howard, Marcellus ; Department of Microbiology and 
Cell Science, University of Florida, 3103 McCarty Hall 
Gainesville, FL 32611-0330 (US). PONTZER, Carol! 
Hanlon ; Department of Microbiology, Building 23 l' 
University of Maryland, College Park, MD 20742 (US)! 
OTT, Troy, Lee ; Department of Animal Science, Texas 
A&M University, 442 Kleberg Center, College Station 
IX 77843-2471 (US). VAN HEEKE, Gino ; Baselstrasse 
12, CH-4124 Schoenebuch (CH). 1MAKAWA, Kazuhiko 
; The Women's Research Institute, 2903 East Central 
Wichita, KS 67214 (US). 



(74) Agent: FABIAN, Gar/, R.; Law Offices of Peter J Dsh- 
hnger, P.O. Box 60850, Palo Alto, CA 94306-0850 (US). 

(81) Designated States: AU. CA, JP, KR, European patent (AT 
NL FT SE? ' DK ES ' FR ' ° B ' GR * IE ' IT ' LU ' MC ' 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: INTERFERON TAU COMPOSITIONS AND METHODS OF USE 



Peptides 


MW 


HI* 


Sequence 


IFNt(1-37) (SEQ ID NO:5) 


4465 


-0.78 


CYSLRKLMLDARENLKLLDRMNRLSPHSCLQDRKDFG 


IFNt(34-64) (SEQ ID NO:6) 


3610 


-0.72 


KDFGLPQEMVEGDQLQKDQAFPVLYEMLQQS 


IFNt(62-92) <SEQ ID NO:7) 


3586 


-0.53 


QQSFNLFYTEHSSAAWDTTLLEQLCTGLQQQ 


IFNt(90-122) (SEQ ID NO:8) 


3712 


-0.86 


QQQLDHLDTCRGQVMGEEDSELGNMDP1VTVKK 


IFNt(1 19-150) (SEQ ID NO:9) 


3948 


-0.56 


tvkkyfqgiydylgekgysdcaweivrvemmr 


lFNt(139-172) (SEQ ID NO:10) 


3818 


-0.11 


CAWEIVRVEMMRALTVSTTLQKRLTKMGGDLNSP 



•Hydropathic Index 



i 

| 



(57) Abstract 



FOR THE PURPOSES OF INFORMATION ONLY 



applicaS^under 'the PCT.^ Sta ' CS P ^ t0 ,he PCT °" «»* front 



pages of pamphlets publishing international 



AT 

AU 

BB 

BE 

BP 

BC 

BJ 

BR 

BV 

CA 

CF 

CC 

CH 

CI 

CM 

CN 

CS 

CZ 

DE 

OK 

ES 

Fl 

FA 

CA 



Austria 

Australia 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Bray.il 

Belarus 

Canada 

Central African Republic 

Congo 

Switzerland 

Cole d*l voire 

Cameroon 

China 

Czechoslovakia 

Czech Republic 

Germany 

Denmark 

Spain 

Finland 

France 

Gabon 



CB United Kingdom 

GE Georgia 

CN Guinea 

GR Greece 

HU Hungary 

IE Ireland 

IT Italy 

JP Japan 

KE Kenya 

KG Kyrgystan 

KP Democratic People's Republic 
of Korea 

KR Republic of Korea 

KZ Kazakhstan 

U Liechtenstein 

LK Sri Lanka 

LU Luxembourg 

LV Latvia 

MC Monaco 

MD Republic of Moldova 

MC Madagascar 

ML Mali 

MN Mongolia 



MR 

MW 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SI 

SK 

SN 

TD 

TC 

TJ 

TT 

UA 

US 

uz 

VN 



Mauritania 

Malawi 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Slovenia 

Slovakia 

Senegal 

Chad 

Togo 

Tajikistan 

Trinidad and Tobago 
Ukraine ~ ~ 
United Stales of America 
Uzbekistan 
Viet Nam 



WO 94/10313 



PCT/US93/10016 



INTERFERON TAD COHPOSITtq,™ awn 

TI0NS *■» METHODS OF. USE 

Field of the invention 

References 

Ausubel F M ^ 
l«r Biology, ^'^ ^ Protocols in Molecu _ 

Ba 2 er, F . W ., ./^ S ° ns ' Media, PA . 

" " * Sci ' 52(Supp. 2);425 

Bazer, F.w. et al 
2t:84l (1986).' *' * *' J ' Re P rod uction and Fertility 
Bazer, f e £ 
15 vol.40; fsuppie^t 1} ' **° l09y of ^production, 
Beames, et ^ L ' (Abstra <*) (1989,. 

E.H., et ^ V*™* - 150131:707 (1993). 
2*580 (1984). " ^iWnse Modifi ers 

® Boyer, S.J e £ 

Agents. £(3, ,99-102 (tt^' ""^ RegUl - H ™">st. 

»~ ». ^ PatMt *• «••••.»... issuea Deoe] „_ 

Crowe ^ S 

2(2):135 (1987)." 6 Hum - Retroviruses 

Cumber, j. ^ 

112:207 (1985) " " * ' &1 ' ' Methods in En 2ymologv7 

Davis, G.L., et 3 7 * „ 
(1989). J. * e tf. 3^..^ 

Davis g Xj 

£^2=109 (1 992, Xl,te ««™ A»„ specif Xssue 



WO 94/10313 



PCr/US93/, 00 , 6 



Duncan, r. j. s 

Dusheiko, G . W ., et 
2):S199 (1 986) . ^ S ^tolo 9 y 3(Supl. 

. ^ton, h. A. W ., et 

1SSUed 12, 1988. ' S * PatSnt N °- 4,719,180, 

EcJcer, d.j., et 

' 198 *>. ' * BiQl - Ch **. a61: 7715-7719 

Taailetti, p r 

Finter, N B £ 

Francis, M L y- 

Frangioni, j. v 
ai0 ( i ):179 _ 187 (19g3) '_ a2 *' ^1. Bioche*. 

Godkin, j. D " 
(1982). 47 • *epro<?. ^rt. 65 :141 

Griggs, N.D., et a2 t 

GUan ' S.L.. et ai . J ! fflUiJ ° I - itt--517 ( 199a) . 

Hakes, D.J. , et , 

Hansen, p.j. ( et 
issued 5 March 1991. " p3tent No - «,M7,646, 

Harlow, e. et al 

f> coi d spring H a rbor '- r ff^^ 

< 19 ^. rSSS ' Co " spring HarlorT^T 

Helper, s.d., et 
(1987). a " J « Reprod. Fert. 79 :83 -. 91 

Hitzeman, r. a . et 
-sued Oct. 4/ 1988 ; US ^ent „o. 4,77 5 , 622 , 

Hoffman, A. E. , et al . v - _ 

Howatson, et al., j- 'I ^ 141:326 ("85). 

-±A2.i>31 (1988). 



(1991) 



WO 94/10313 



p Cr/US93/l00j 6 



(1989) 



Johnson, W . c> ec - 4 , 

pp - 42 *-^, (1992 ;_ r -'. Meth ^in Enzy3n 

Krown, s e ' • ^^ffoseope gs.^o. 

J., , ta , ' ' 

Lawrence, et a7 

O.K., et a/^- JU * fa - 13- 1777 , 

(2951,. et ^. Biol. Chem , f B ' 3 lll 7 

Poetical Banual ^ In - D "Pens lng of ns ' 
Pharmaceutic,, „ hS r °"™lati on aM aicat "n= a 

«°n. ^^^^ ^r- 1 - « 

Mclnnes, B et 
305 ~3i4, (1989) ;' aJ - J. interferon R es . 9 ,_. 

M "His, kb rr ' PP - 

J uly 1987. *' U - s - Patent No . 4 6a , , n 

«ui IiS/KB ' 683 ' 202 ' --e d28 

--a 28 July l9 ; ? et O. S . Patent ^ 

(1992) . et aj., Int 



WO 94/10313 



PCT/US93/100I6 



10 



35 



4 

°ldham, R k w 

5:81 a991) J > Bxol. Regul \ 385 >- 

Pederson, et a2 

Pontzer, C . H ., et a i 

Poste r Cancer i?« e, 

Butter, „ j i£.6 21 - 626i 
l—« Sept. 6 , O... Patent Bo . 

E., , t aJ . " ' 

Sanger, e^ a? g 
30 a977)> 

Send *, T ., eta2 _ « 24:5463 

Shoulders, c c e ^ PP ' 
^f^): 4873>48 82 ' Ac ^s * es 

Sffl ith, D.B., et ai .' - _ 



25 



WO 94/10313 



PCT/US93/10016 



25 



30 



Smith P k t 

*tev art/ „;;.; et aI a ;.T* *f c * effl - 112:76 • 

(1987). *' *nfocrijio2. Jig.-ms 

Todd, r.p et . 

Vallet, JmLmt et J" * e ^- 37: 1307 fl987) . 

(1988). * ' J ' Endocrinology ii2 :R5 . R8 

Wallis, s c 

(1983). " " ^ aI -' ^ J- 2(12,: 236 9-2373 

10 Wang, c. Y. , et al n c r. 

issued 7 Nov. i 989 . * S * Patent N °« 4,879,212, 

Wang, C. y et ^ 
"sue 5 April 1988. & " N °' 4 ^35 /896 , 

Wilson, et al d,< , 

Yoshio, T. # et al n 
issued July 18, 198s . " ' S- Patent M °- <. 849, 350, 

u^r" 9 ' et ai - proc - *«. **. «, MlllM 

Background of the Invention 

Conceptus membranes «>- +. 

" t * U *« — ■ -intenance O 7 or ^ aU °" '« th. 

one such protein If (B " er ' « 

°- «*P-1). was identified"* a, tr ° Ph ° blast P^otein- 
Protein secreted by sh „ B „ 3 l0 " ""^Mar weight 

« - Pregnancy ( „L on * **" 10 aM 

«.«,. The protein oTp ; ' ^; "79; Ba2 er, et ai ., 

secretion of prostaglandin p \, T *° 1 " hlbit Uteri »* 
corpus luteum on the ovarv " hi ° h ° aU3es the 

endocrinologies de»i S e J '° Unaer9 ° Ph ^°l°oi=al and 

».«)- According o^T h T nt ^ ( *~ " ~ 

y ' TP 1 has »«iluteolytic bio- 
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6 

logical activity. primarv _ „ 

to be associated with the "s^IlTh aSSU »*<> 

o*P-I was suose^ant j" 3 " 1 " ° f *~*>ancy. 
homology ,50-70*, „itt intLr U) eXhiMt 

« - secies *™^iT'7 s :* iph *: ° f 

Type 1 interferon re ; ^ -a bind to a 

Despite see similarities " aJ - »<"> - 

futures that distinguish * IFN<> ' ° TP - 1 h « "vera! 
following: oTP-i-s "T. 1 ' fr< "» Eluding the 

" (other interferons « e ^'^"^ ""chemistry 

biochemical regulation oT™ ! " V " le *» the 
cellular source - tronhl^ Ci " =les ) < 

te- Oocytes cC* ,^ ^ * 
(IPNa is typically about 166 ... "* ^ acia = 

5 veaWy induoible • «" *1. is 

— > • - ^ern^l 'IT t S ^ * 
nizes oTP-a as belonging 1, ""°" ***** 
interferens which have ^ ! " * **" ° lass <* 
™e Gree* letter r stands f or T ^-"'""^an CllWr,. 

The interferons n^l 1 tr ° Ph ° blast - 
««t groups: type , lZr t T *** two dis- 

™ »». (also known as 1B ^' J"""""" »V. 
represented by IrSy (revi * M 11 interferons, 

it is estimated that t hL aei,er ' " "•>• *> 
-on-anelic genes, at least abT "* " 17 ™-« 

— and a single ^ y lll ' " ' —allelic 

^^^r-^tr — «~ o f 

against hematologic man™ . especially useful 

*~ . (Ouesada', J^^- " ^-U 

t-ins have also shown actlvitTi ' • """^ P — 
^onic lymphocytic leukemia T^ 1 * 
Kaposi's sarcoma, chronic „vl, ^phoma, 
-1 carcinoma, -^^^--..--l- 

™° rs and ovarian can- 
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25 



=ers (Bonn™, « ,1., 1984 . 01 . 

interferons and interferon receptors in !n °' 
of certain autoimmune ana I Oogenesis 

s -en investigated ( Be„oit, "IS,," 1 *— " " S ° 

(Winter, et J., 19S1 ^"'T C ^-ti-- 

» - .m„ ^ s , : t s T x ul> s - 19887 D ™°- 

however, the usefulness « 17'^' 
their toxicity •„„« „„ . * been by 

cancer and viral ais ea se h ^ *" ^ *"-*•«* « 
effects, such as feC ^ li"^' 3 ln «*~ 
ana fatigue (PontseTV*; ' an ° re * ia ' Bei ' ht loss - 

- reduced to levels Zt i i» t ^ e^c'T *» 
treatment, or (ii, the removal of^he oa 7" ° f 
wt. such toxicity h,. , „ P«ient from treat- 

potent antiviral "a ^ Useful "*« of these 

treatment oTC^STT* "** ta «» 

debilitating human and animal diseases. 

Summary of the Invention 

»eth 0 d I ;f"Lt n : h ! ™ incluaes , 

lnnioitxrig tumor cell growth m w 
oeHs are contacted with interf erTnTu™, , ! 
tration effective to inhibit ^ ^ ^ ** ' 

«r can be obtained from a nlet of s^ces Lrd"" 
cows, sheep, and humans ta SOUrCes "eluding 

Presented as either ^"S^T^t 

number of tumor cells can * ^ °r SEQ id no : 4 . A 

"on by IFH „ i^^jTSSLa't'r: 

<eT T inMa M11S "* — — cted :i r f0 cX n9: 

(e.gr., mammary tumor cells). eIls 
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inhib^ Preient lnVention ■•»«> includes a Mth 6d of 
inhibiting viral replication in a eell In tM " L 
cells i„f ect ed with . vlrus _ co J:; e /^™- 

invention. The r-ni -i,..** ^ Present 
. . replication of a number of V1 >„««. 

inhibited in cells • viruses can be 

feline leu*e»i vL ^nT" (6 - g - 
Hepatitis c Virus, ^ virus, or 

viruses:' "-r- B Virus) 



10 

viruses. 
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The human IFNr moleculee «-f 4-u 
can also be used in / ~ Present invention 

o toe used in a method of enhancing fertility ±„ 
female mammal. i n this m^K^j ie «inty m a 

method an amount of human t PMt 
effective to enhance fertility of » * , 
administered, typically in a V ffiaBmal " 

carrier. ^^0, S ul h """^^ 

P-Lary or such human ifnt molecules .-v. 

Protein sequences presented as s E0 ID MO:4 ° 

The present invention also includes an isolated 
nucleic acid which encodes a hu^an interferon.? 
plary of such nucleic acid mn i , Exem- 
SEQ id rurther ^e " "* ™° ID N ° !3 ^ 

vectors for th.^^^,^?"*"" in ° 1UaeS session 
expression of human ifnt. ivDicaiiv 

expression vector includes <a, , -nucleic acIfcon ta Lin 

and (b) regulatory sequences effective to express said 
open reading fraae in . host cell. The regu!ato ry se 
quence M y include sequences useful for targ^tg or 
secretion of the ifnt Polypeptide: such sequences »av b 
endogenous (such as the normally occurring leader 
sequences, see SEQ ID N o=ll, or heterologlus (su* a s 
secretory signal recognized in yeast or bacteriTexL 
sion systems, . In the expression vector, regulate^ " 
sequences D ay also include, to said ^J^/ 
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sequence a proffloter 

ft— with the interferon r ^ ATG Start -don in 
co ding seance a ^ an T lng ™ "< 7o 

In another embodiment 

« tei u n aes : " co -«»t iy pr :^ d e ^ ^ ntion ln _ 

XD „o:, 2) . sequence p r e Mnted ^ 

expression system contain," a "sonant ' 

h *vi„ g a p 01 ynu 01 °" ainins « reading &ajn " ?! 

express the orf j« ^ the vector i s rio . 

an ^ r sequences discus ^ sequence. The 

« the practice of «, corr espondi n g nosts 

lambda gtu 1 " eth0<i ° f th ' dentil ° SefU1 

— ce ai s Liici:: s r°: - - ™- 

. *— «= — c ell expressioT 

The invention furf-h 

*ypaca lly «... i„ c L terfer ° n - r WlWuT 

porting egression of Jt^J^ <*"«*. of sup- 
pression vector, ana the s " . ! ' ln * -iectea 
containing a „ op en ^ vector 
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cleotide sequence which encodes a human interferon r 
polypeptide. Exemplary of sem ,o„ ^ in ^rferon- r 
in such expression ^ sequences that can be utilized 

and SEQ id no: 20 ° ID N ° :18 ' SEQ ID No ^ 



20 



25 



30 



interferon-r J 11 f d<SriVed *"» 

0 tides can he selected, ^^f^ ">W 
presented as SE0 ID HO:2 and £ t ^* e ™* 
*™-derived polypeptides in=lude 
to. the following SEO „ ^ 'Jf*"™ "<* 
NOslo, SEQ ID NO-IS =„„ - M0!7 ' SE ° ID 

in anoth J « «W » —0. . 

the cell is contacted with an 1^ °! Pt ° r - ln this aethod 
a concentration effect"^! " terferOT -' Peptide at 

to each a^-i" « MnaiB9 ° f int — 

», • pna interferon receptor. Th*> 

Peptide" and ^^11^12^ ~ °" 

«. ™- « IFBr po^pt^eTu:: ; ab r 

°n-r receptor. In this aethod th" * f^""' 

1th an interferon-r-derived pol^ptid" re 

N0 = 5, SEQ ZD NO:7. SEQ I D HO:L ^EQ J ^ 10 

«..» =r SEQ ID whored p: i ^ p N t l 1 ;' i r a V D 

concentration effective to ali ov , I ^ * " a 

Polypeptide to each interferon^elr ' ^ 

then exposed to interferon-,. reCeptor - T "e cells are 

The invention also includes purified ann* * • 
«. i-unoreactive with huuan interferon-r mTantibod- 
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ies nay be P oi yclonal or monoclonal . 

polypeptide antigens include, but are not lim^ 7 
followino- spn T n »n , limited, to the 

1I,g - SEQ ID NO:4 ' SEQ ID NOI15, SEQ ID NO-17 ™h 

SEQ id NO: 20. no. 17 and 

5 The present invention also includes the following- 

nter f ero n: ,-derived polypeptides that have anti-t2r' 
(i.e., antiproliferative) activity; interferon r h 
Polypeptides that have anti-viral I^T^T^T 
interferon molecules in which the toxicity portion of 

3 native l FNtt has been replaced by analog s^eff roffi 

These and other obiects *n/i *^4- 
4.. ^ LS and features of the inv^n 

txon be „ ore fully appreoiatea uhen ™en 

detailed description of the invention is • 
tion with the accompanying dra^gs " ~* " 

Brief Description of the Figures 

of » ""^V PreSentS *■» nu °^<= -id coding sequence 
Of a synthetic gene of OvIFNr assigned to include" 

:h^~: e ™ — ~ ~* ^ughout 

a s^: ^m: 1 ::::^ - 

Figure 3 shows a comparison of the predicted protein 
seg.es of a hufflan interferon . r ^ J 

interferon-r gene. Divergent amino acids are indicated 
by presentation of the alternative amino acid on ^ ^ 
below the nucleic acid sequences. ^ ^ 

Figure 4 presents data demonstrating that both 
OvIFNr and IFNa were able to drasticallv \ A 
HL-60 cells. ^ drastically reduce growth of 

cvto / igUre 5 PreS6ntS d3ta a—trating that rHuIFNa is 
cytotoxic and OvIF Nr is not . In ^ f±gu ^ ^ 
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* OT vi°!-^ ee rePUCate ■«•«*-*• «• "ted as nea „ 

% viability + SD. 

Figure 6 presents the sequences of polypeptides 
denved from the iFNr sequence. 
5 Figure 7 presents the complete nucleic acid and 

ammo acid sequence of an OvIFNr sequence 

Figure a presents data supporting the lack of cyto- 
toxicity, relative to IFNa, when IFNr is used to treL 
peripheral blood mononuclear cells 
10 Figure 9 shows ^ resulfcs Qf ^ 

cutaneous T cell lymphoma line, HUT 78, with IFNr 

T cellTV 0 Sh ° WS reSUltS ° f of a human 

Cel1 l^Phoma line, H9, with IFNr. 

15 rela J 19 "! 6 ^ PreSSntS data f ° r 1:116 inhibition 
relative to FIV (fe i ine immunodeficiency virus, replica"' 
tion of polypeptides derived from OvIFNr with whole 
OvIFNr. Figure iu presents data for the peptide inhibi 
tx«, relative to HIV (human immunodeficiency v^rusf 

20 " P i llCati ° n ' ° f P^yPeptides derived from OvIFNr with 
20 whole OvIFNr . 1T:n 

of th PigU " e " * resent = <io»o„ 5t r,ti„g the inhibition 

oftt. ant^r,! activity of IPHr by IFBr . derivea pep . 1Cn 



25 



30 



tides. 

by IFNrT 6 - 13 /" 5 ^ 5 ^ d ~*"«»* the inhibition 
by IFNr-derived peptides of OvIFNr antiviral activity 

Figure 14 presents data demonstrating the inhibit- 
by IFNr-derived peptides of bovine IFNa aLv^c^ 

bv TirT 6 - 15 PrSSentS ^ denonst ~*ing the inhibition 
by IFNr-derived peptides of human IFNa antiviral activ" 

Figure 16 presents data evaluating the lack of 
inhibition by IFNr-derived peptides of bovine IFN 7 anti- 
viral activity. r 1 
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°^ived peptic™**™* a «* ^o ns tr atina th . 

Figure 18 present- iv ^al 
derived p eptide nta d ^ a demonstrating th 

DescraptioB of the fl 
SEQ id No ., .. Se 9«eacaa 

SEQ i D Wo . 2 acid seguence. Als ° shovn 

Protein.' * ^ «*d seguence 

15 needing a ffla ture h Syntheti ° nucleotide 

SE ° »> ^Ti^T 
***** protein. 3n ^ «dd seguence J'^ 111 - 

SE * *> NO: 5 is th 
Q 2 " 37 °* SEQ xo NO;2 . hS attln ° seguence of fra 

34 "« °* S EQ ID N0 S 2 the «mo acid seguence of _ 

SEQ ID N 0;7 is _ foment 

62-92 of sfo T ~ e ^ino acid 

or SEQ ID NO: 2. id se <iuence of fr; ,_ 

SEQ ID No -8 i rra g»>ent 

SEO ID hoi 9 ls ' r « roent 
S EQ ID NO:lo is th ff «9»e n t 
SEQ id mo-u • rr agjnent 

according to th* 2S ~ ffler synthetic ot 

the subject invent . on> oligonucleotide 
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SEQ ID NO: 14 i s a , K 
a ccor di „ 3 the subjeot ^J™' °"^ucZeo tlde 

SEQ ID NO: is i s the . 
1-37 of SEQ i D N0;4> amin ° «** -cruence of fraginent 

SEQ ID NO: 16 i s fcho 
«-« of SEQ ID N0;4 . ^ of fragfflent 

SEQ ID NO: 17 i s the 
«"»2 of SEQ ID „ 0!t -old s Wsnce of fragnent 

SEfl ID NO: 18 i. th . 

" »-ua c SEe ID M0;4 . h ' Mln ° ~^n=e of fragnent 

SEQ ID HO: 19 i s tho 
«^«0 of SEa „ MO!< ,_ a =" sequence of f ragBent 

SEQ id NO: 20 is th ^ 
^ « 9 -i 72 o£ SSQ a mi4 ° — o ,= id 3eouence Qf fragaent 

DetiilM Oe'cripMon of th. , 

I n.. . . Invention 

•Tnterferon-r ref er . to 

protein, having the f 0 ,T °"* ** " fMil * <* inter- 
' -"-l-t-aytlc propertied J T 1 " 3 Cha "«« is t iC s : 

»«> anti cellular p P ro li£ :; at ( "' Mti -^ Properties" 

™% a, lno acid homol "*^ fer ° nB aM neater than 

» ">»• mterferon-fca: ^ "T' ^ « «B 
— .««, sources as aescrih^ a ~ of 

"terferon-r ami „ 0 acld aclds <>«iv M fro* an 

a <^* are conti^I l^T' 15 *> 

"«* 15- W aaino aoid " nat »e interferon-.. 

are 3 oine d that are normally ^If*""™-'- 
Protein. y dls <=°nti m o us ln the Mtive 
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ovme interfe^T^^f^ 2 ^ 
5 sec ^ory protein produced by ll * ^ Conce Ptus 
curing the critical period of 21^7°^ ^-toder 
sheep, one i sola t e of ^ ~° B, * tlan *» 

« length (SEQ I D NO:2) . ^ cMa " ^ aci ^ 

tains an additional 23 aain COding S6quence ^on- 

" - ot the-^ure pr^^^ V ^—-1 
coding sequence of this ov L *' ^ 1987 > ' The 

Figure 7. OVlFWT lsolat * " Presented as 

For the isolation of OvI PMt _ <. . 
were collected fro* preonan* V Pr ° tGln ' c °ncept uses 
* in a Edified Mini ttUo ^2^7" CUltU ~ d *■ 
Previously (GodJcin, et a2 " M Scribed 

collected on various days of „ " C ° nCeptuses 
° f » at -* ^i„ g described as r^"" 1 ^ With «rrt day 

f ro ffl conceptus culture IdL Purified 

> — et, et :„d^ en :r a ? r ****** 

The homogeneity of mr ' ' (19S2 > • 

sulfate pojac' ™L" aS *— — * 

P r °<=*i" concentration in ™, « Dete ™i"ation 
Performed using the blc L h 3 SMples — 

C o., Lfcfora ^™ — y (Pierce 

«89). ovIFNr and Bol PNr J, h ' " aI - 

-terna! recognition of ^reg' c 7 """" £ -="°- in 
decree of amino aci d and nu"lde ^ « 

between mature proteins. ho «^ 
homojogy between OvlMr 7 " UClei ° acid sequence 

coding reg ion , and 9i. s% 
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variety of concentrations C^e ^" " "~ " 3 
luteum „ as assessed „ examine- Sf>an of =°rpus 

r =. »^ nce of ™c r s :L\ n r str r int ~ 

tion of prostaglandin secretion ,„ ' lnh i»i- 

« Comparison of the dat. r eL lti L' " ^ " M » " 

demonstrated a ==nsiaera ble len ' ^ ——"l— 
estrous interval when IF t is a^T °* 
ana no meaningful effect J£ TnZ " " l °°" 9/d ^ 
These data support th. „ , ls administered. 

- fences ^Z^llT^ Tl^' ™— * 
The antiviral propertiesTinterr"" eS&OUS 
stages of the reproductive eye" " 
(— „ . Conceptus cultL es were ^LT"- 
conceptus obtainea fro. she ep at 7 ' n ^ 1 " h ' a 
the estrus cycle. ^^J^ £ « of 

each conceptus culture was ... ! =»Pernatant from 

t-f had i„creasin 3 antLirai ^ . — »~ 

Advancing development of th. 1Vlty ass ="ated with 

estrus. 1 the =onceptus up to Day 16 post 

2 - "eco-bin,^ "-in, I f on or Tmr 
Recombinant im T ^Tpr^^T^T: . . 
yeast cells. The amino acld ^t^ 1 ^ "acterial ana 
was used to generate a cjT sequence for ovIFNr 

(Example 3) The mr* . • ex P r ession in e. coli 

constructed b y^- X~ e T 

Cloned oligonucleotides were fused ^° ll9Mcle «^. 

-eotide using the restriction ai^L* a^^oT 
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outlined in Figure 2 th~ 

« expression vectors: for^l \™- b,r ° f "^rial 
Madison BI) ; PGEX (snith r 6 e 7f le ; Wi Iomega, 

9ene. La joi la „, ' aZ -''- P"H vectors (strata- 

-leotide into a Ld^A" ~= poly . 
vector is described i„ e,*, P ~ A eJt P r «sion 

" Protein was induced by the lll<l' Pr ° ducti< " 1 ° £ the i FNt 
recombinant ^ J^^T" °* S ° luble 

"on or osmotic fractional °" «*— 

The protein can be f„rfi, 
-thods. including s £ ty StMd »0 

« rapnv or preoperative gel e^T "—*«>«- 
chromatography (using, for ex™ 0 "^' " 
(-olid support available fro^h ' ^ Mtil ">^- 

Protein preparations can alsT ™ ar ° a ° la ' "gateway w , . 
sample, filtration , tol „ <=°»centrated by, for 

synthetL jr:::: DMvers - » • 

-ast clo„ ing vector £j£ cloned into the 

Permit i„- £r ame fusion of the ^ T — *» 
«.e ubiguitin coding seguences Tth 9 " ith 
suiting junction allceT^ * Ve ° t0r - The re ~ 

Wn sequences from the t ph " <*«™g. of the ubiqui- 

e IFNt sequences. 

^0 th h : ™r:L p s p r - 

were cultured, lysed and ^ TraM * or "' 1 Mlls 

Protein -olat^rom^™^ ™" 

The amount of r-TPMr 
assay. Microseguencing of 7h ^^'^^ * radioi^uno- 
ried out. The ^ S ul ts ri 

Mr through the f L st f™"'- -tiv e 

**»t 25 aB uno acids. The results 
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conf irmed that- +u ■ 

Recombinant i FN7 - ftM . . ' 

-iv iral actlvity JJ£^ *r Bethod exhiMted 

»r pur« le a froa *• =«iv iral * 

ot her yeast vectors ^ b ° 0naitl0ned -"ure J£ 

the prespnf „• can *>e used i« ^J-un.. 

The DNA encoding +1. P^e) . 

^to any nuaber ^ the »r Polype ptide can 

lost system. The„ P 0l W*Ptia e i„ the ,„ 

b '«e rial Md ^ induae the a w e 

J in mammalian ^1 , al ° A1 to CA) • 

-Pressed as fusion p^™^ poi^ 
number or features 1° ° r as na *ive protein. 

-» »• -Pioyea. as d es CTl LTr f " nIty *«-to " y 
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B. 

1. 



clones containing partia , ld «*"riea. s 

— then isoiaJa (Cl, 9U6nCeS ° f interferon 

"-ese priners vire ^ ^ • . -.7, „ere synthesis. 

- lng DNA aerivea fro „ J:^. 8 ;^""^ "actions 

hUMn te ™ P^centa Md hUM ° t ' "° CDHA "Varies- 
«sulti„ g a^piifi^ Dm te ™ <=ytotrophc M ast. J. 

-«y sep«a t ea ana .^t^L""" 

^on proauct „ as isolatea . •» ™r MpUfica . 

^ -ertea application JolcTs - 

' «veaw a"" 0 " ° f three „ th 

ajea a high aegree of ot *=• clones 

"suit suggests the jer- not ldentical> 

hUBan ^erferon-r genes ^ ° f fflUlti P^ variants of 
Example 7 describes th. • 

*-» x FNr gene . „ igh ^^- o f . full _ length 

^o. Peripheral biQod mno ^^t DNA was isolated 

r° natel FraCtions were tested f — 
IFNT se ^-nces using polymera J T f ° r the Presence or 
-lecules from .ractiL^ t " reaCti ° n: »* 

tive were Use d i-n tested ampi ificat , „ 

used to generate a SU bao n • iricati °n posi- 
. This subgeno^e 2i ^e„oa ic library 

-th an ovl FNr cDm Pro J ^r^ 01 !^ « ^ridi 2ed 
clones were identified that TvK ^ * **>*°**»*t*iy 2o 
-lagues corresponding to^L^f ^ t0 the ^ 
SagSd ' DNA and ^ -re Pas . 

y Sd by ^P^fication reac- 
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tions using 0vIFKl prlners . Qf ^ 
Plagues , crated positive PCR signals. The p ha £ from 
th-. .„ clones were purified end the inserts sequenced 
One of the inserts from one of these si* „l™ qUenMa 

Recombinant phage fro- the Xgtll subgenomic iLr,. 
were screened using the hybridan probe £ " 

sobbed (Exanple », . Three alones ' ^ 

hybr.dxzation signals were isolated and the insert 
10 sequenced. The resulting nucleic acid seguence Informa- 
tion „ presented as SEQ ID „ 0ila a „d the predicted 
protein coding seguence is presented as SE» xt Z 12 

TsZT^r- — — ~ c 

" ure 3rTtt; n uL f »^e P rrer o r: T — 

- ovine i-.^rr^LS^Jr oT 

seguence homology ana divergence at the amino acL leve! 

- and siT^riirr- - se ° » ■»■» 

fro™ „ P">»«s and probes derived there- 

S^rT 1 USSa " SPeC " iC Pr ° beS *° isolates 
Of further human lrar coding sequences and/or pseudo 

— -V be more than one isofol or 

et:f r ana ~- ~« 

Useful to isola^^ 
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library „ ere , , 31 ODHA libraries an„ 

that the ^ Th " D » ^idizaJont, ° VIP " r CDM 

«*». cdna l lbrar ; 1/ " t ° « the siona! ™ ; W—i- 
, ° f 'he ovine cDWA^lib «™s constitute", USi »* the 

that the e xp ressi l P iaers and taan probe C ° rre " 
0 — P^cent . ^ « ^ is 

in addition . he 
was appii ' \ RT - PCR * n «y*is for the „ 
*«■ bu.an adult rv» h the t0tal ^l^r ^/"^ « 
«U **i Sts i„T ° 0yteS: «» results s„"° latea 
^xpressio ^""^t^- 9geSt th « 

««o «aBinea us^ng interfer °h-r in huaan ti. 

ments, SDer<f . Probe, jn i-h>- ^"orrned 

' specific hvbT-i^i three seDar-a-t- 

' ^ 3 -**« stroll re' ^ 
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various tvnp^ 

transcript^ ™™™ =e lls) displayed ^ Mghest 
1— Intense but „ * " *■*« ^otrophoblast cells, 
the Wftte^** -ere present i„ both 

5 Pattern of transcript^/ ^ * slnil - 

Placental v 1Ui of term^ ^.onstrated in tn . 

Section was i ov . f 1-el of s^ 

Wasts displayed tte ^"villous tro Pho . 

stained positive „ nen T """^ ° f » es =age and 
« spaces. " Present i" the eternal blood 

Howatson, et al 

tester and ter* ° h ™* villi in 

observed x™ a in extravu^^:'^ 165 ^ ^ < 19 ^ 
15 -yncytiotrophoblasts, not tr ° Ph ° blast as well as 
reac tivity in first and abundant 

compared to those taken at t Pl * C * ntal tis *** when 
employed antibodies raised ""^ investi ^tor s 

and none observed any x FN « Tn^^ ^ SUbtv P*s, 
0 blasts. y ln the villous cytotropho- 

The present results 
*ene is highly «»t the human 1FNf 

migrating ettravilious tro D h !f P la «ntal tissues by 
P— ed in villous sZytTr r tS ' ** " **" 
blasts, and various ZIT ^TT' ^° tr ° Ph °- 
strate the detection of i™ 7 t " rSSUlts ««««.- 

nancy tissues, and ' f anscri Pts In human preg- 

tro P hoblasts as „ell «» ^lous cyj- 

first trimester placenta. Jrt:r » vlU "« trophoblast of 

c - Antivi.-, 1 Pt . 

. Thea= ^^fi^^ 

•Sainst a number of viruses i , " aval «ted 

viruses, ^ relatlve sp90 S ^ c n0lU ^ and dka 

Purified to homogeneity, „ a s e ° ? * " ° VI ™ r ' 

y ' 3S ^'lusted i„ antiviral 
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ass *ys Sample 10 » r ^ 
s h adv antage of " ? fEXa »Ms 10. 

viru ses 1 ? Ba V ItpOSed to fe l«e AIDS P ;" Pheral «ooa 

^"cation of *V"" «• ^erst *» =ats 

cytes ( p B1) .^"fr »*«• i»Peri Pher ' "87,. 
activity , r;^""^ % "versf t ^ sc W ° M ^Pno- 
15 To „ * cultu « supernatant. ransc "Pt«se / K t,' 

To determine In,, an*? ° VSr ' 

«v, Bm- aeps r a "t ivi ral activity .„ • 

ln ^ H r v- lnrs ™ P01 "-«se RT acti V i t ,! lnSt " V «- 

treatea vith I FHr ^ ana h ^£ — -H« 

reaucea to ,k » (E *""Ple 2 « PEL cult ures 

! ° «•» ~lra of con^Xtr " ^ - 

°*W»r proaucea , — ° f »■» *L " hen 

While concentrate act ivity (Example 
inhibited viral r ^ 0ns « low as o 62 ' Tab ^ 

MO ng/al, ha« W1CatiM - »"ch Moh. 9M1 ° f »»r 

miction 0 r: h ;" ths -u.. ztz? - ere 

"Ou= e<I Significant, "" e ^unodef i cl f SU?9est 

«»• -re „t^7«- ^ control ^ ^ «- 

ce appe ared d t : n e ^P«-nce of ovj^ «"» 

ceu s hosting the t t n o cytotoxic 

— P-sent at ^° VlrUS - ™* -s tr u f °° *"» 
concentration of £. °. " 9 Per -» of •*■» «*« 

vi «l units of a Jh e9Ui -"l«t to a bou „ iU °- Th " 

**■ -nty te ^nr—. -en x; b ;t s M °- ««- 

^ n arby bovlne fc^^^- 
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^re?~r — - — by 

over time, over a r„„„. . culture supernatants 

» ducea s ig ni f ica« a nt^ ° f —nations of IFNr pro- 
* concentration of o^y 7o IZT ^ 
-auction i„ „ activity af te r ^ * 504 

-ation M 500 n S/M ^r::rr a iy 90 Tr:r;- A ° onoen - 

activity within io aays. " % *•*"*«» in rt 

of a „y cytotoxic .«JL ' tter<s was n ° evidence 

~» e^i^t ; r n :: t t:v f£ects « a9ai -" - 

y creating human PBMc ceiic= 
a-ounts of either recombinant t Mt lth Various 

» irao, at the time of inf. ",. recombinant human 

aata fro, these eleri^t 7 "> • 

Port the concXusioT^t * ^ «*■ 

and IFNr are effect^ in r . " MC8 " toti - - I™. 

in *»» 1W hocyt::: e zzTz«L:?T tion of hiv 

resultea in cytoxioity. vhe^as no s * 
»as observed with treatment usin^" 
"as usea at M ch higher concen^ati ** n 1PHT 

"as ohservea „si„ g IF(l7 . even „ hen r ^ „ K ° ^^"y 
«- the dosaoe of interf eron-atha™ " 2 °° 

Both FIV and HIV reverse *™« 
vere unaffectea by n»r i' th, ,T * *"* the """ 1 — 
fore, the antivirai a= ivlt is B lTT °f ^ 
effect on the viral RT. *" *" " dire « 
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Interferon-r has a i 
«- B Virus Dra re Pllcati S : n b i n e " ShOM > t0 *WM- 

Hepatitis b Virus (hbv) transfectea with 

5 ^ect sofIFHr . to test the a n tivi ral 

- I», over With both 

it ™< ■» prXtL r: entrations - B ° th »». 

•» •««* =„ general cell ™IZ"™ S and "=* the result of 

«*» proauctic ( ExMple ™° "I 1 ™' - -Patospeci- 
f = Proteins, Apo , ^ A ^ * "> • *Vo hepatoc^e specif _ 
"atlon analysis . lbmrm '^' -« <*«=ectea h y hybrid _ 
«™ production fcr either \ apParent "auction o f 

Rations * to 40,„„ 0 u^^rr 1 "-"^ «"» t concen- 
ter. „ 0 evide „ ce « e ither IFN „ „ 

o "« in this assay . Ototoxicity with IPNr „ as 

-tivSaT^^^J^f f t^at »r is an effectlye 

'^ng ooth ^ a 9 na » A Utes^:^ " *>" 
°ver other interferons such aavantage or IFKr 

«th Ifht aces not appea r t ^ IFBa ' is treataeT 
cytotoxicity. PP " to be associate with any 

^ affec^lT^T-^ 0 ^^^^^!!^!^ 
«— axaainea. In one ^ ' "rowth have also 
-tivity „ as exanined usi „ aly = 1S ' »ti-ce llua a r growth 

' EXaKPle 13) - — » a^on «-y 
Pl.tea at low cell aensities Z " " 

t f r; Si "' le motions V™ T°" ieS °"^-tin g 

t° tr lp u Mte veils an a the pl !l ^ »«• aaaea 

allow colony formation. Iraf in <="*atea to 

inhibit hoth colony si2e 
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and number in these assays tfh t , 

inhibiting cell prolif ™* •««*ive at 

(WISH) than huma ^ IT":." 16 ^ Cel1 

«* X FNr vas dose-depldent H lT llferatiVe aCtiVi ^ 

5 P-i-ration, whi^e ^ «* ™ 

impaired. Viabaixty was not 

Phase. aese res U1 ra™:;: e °i csii :. th ^ * 

•W«t „ f IFNr, and unders"^ £ T antlPr ° llta ««« 

pronation Sample 14 Xllt Z t ^ ° f ° ellU1 " 
line. ' able 7) for each tested cell 

The antiproliferative activity .„„ , 

IFNr .~ £ ~ —ined us^a series c f h tOXiCity 
traor cell lines (Example i 51 , f hm " an 

cell lines were selected , ' ty ° f hUMn tm »°r 

»XH screening p^^T^" f »~ — in 

Oontzer. c.B.f « ai ullTTT^ ^ 

— »a 3 or neoplastic c^^r^r ^ 

20852) 1 Parkla<m "r. , Rockville MD 



ACHN huuan renal adenocarcinoma - 

^ 78 as sarsisasr-., « 
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into cells W hicb bav e been Jel?Xx™rT ratiOT 
cant differences between treatments l~ ^"i' 
» analysis of variance followed " ^r^™?! * 

^analysis „ as perfomed by fiou ^ * -x a 

Examination of IFNr inhibition of M CF7 ,il . 

« 0 f «, (EiMpa e „. r bl r 8 r nr^-r 

=ytio leukemia, cells. Hesults 'i^ th ' ^ Pr °»^°- 
leukemia BL-eo are typical ! h Promyelocyte 
»~ »itb buman XPKc^pie CoTT COBParin9 

- «o units/mi of J„ ^ "T'T " 
.rovtb reaction, z^^*^ ^i™^ 5 °*> 
decreased tumor cell nrn n* . further 

r 0611 Proliferation (Figure 4) »«. v. v 
doses of IFNa, but not IFNr was J n , " high 

ls » ith °« cytotoxicity. Th i s lL orT ' * 
provides an advantage of IFNr for L In lllT^ ■ 

The human cutaneous T eel! lymphoma/^ T^"' 

T «»isr^r^r 1101 78 

cell viability. se effects on 
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The T cell Ijnnphc* H9 „ as less sensltiye ^ 
r , 6 ^ abOVe ' Bhile «• «* toxic t ,1 e 

. " rirr^r 11 — ----- 

Ficnxre 101 t oncentra txons examined (Example is, 
e«e« r rt inhibltor o£ thi ^ ^ZLl™ 

. antitu»or^ents ^ 1 ™° ~" °™ e«icaoious 

g nrs ' In melanoma, SK-MEL-28 -i«>,^-^. 
- Prol ifara t ioI , by iFNa „ as a=co*p lishe Th y a IT£ °" 
in Viability, „ hile „ Hr ^ oytotoxic by ' "* 

-ajorlty of tutors e XMlnad , IFHr £ J*"" J» the 

to IFNa as an antineopl.stic agant "T" « 

tp-wt ~~v, • 1. 9 nT: a gamst human tumors 

IFNr exhxbxts antiproliferative activity aoaJZT 

human tumor cen<= w-s+u x. ^ iy against 

-ore potent ^han h ±S aS or 

IFNa 2 !t M IFNa ' Cli »i«=al trials of the 

IFNa2s have shown them to be pff.,^ . 

(Dianzani, F 1992 . ! effe ^xve antitumor agents 

advantage o f xFK r a; a t7' * 

toxic ejects ^^V^T" ^ «* 

with hxgh doses IFNas 

An additional application of the IFNr * ■ 
tumors like K- nnB 4/ is against 

rs ixke Kaposi's sarcoma (associated with HIV in^ 
tion) where the antineoplastic effects of XFNr ale co 
P-d wxth IFNr ability to inhib±t retrovira r; ro a ; e h COU - 

The « vxvo efficacy of xnterferon-r treltZT 
-amined in a mouse syst em (Example 16) . Te^l l^ 
syngeneic mouse transplantable tumor selected L " 

a-t., 1981). Interferon treatment was in^-i 4- ^ 
-*« the introduction of the t^TLS. ^ 3 
aa»i„ist ra ti„n of ipjjr d ra„atic a ll y ^ 3 1 h :.^ 0 ViV ° 
pul„o„ ary tumors. Thus, IFNr apP e ar s to h 

=icu S a n t in eo Plasti o agant „ x a r; :: 1 r a r i r:i::;. 
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The variety of IPHr activities it. „ „" 
of cytotoxicity, as tau gh t hy the pres ent C^f "* 

^eTi~ e l^-^ 

— «- has ^Tz^zT^r for — 

« <*rivea fro n 

SEQ ID NO:20. ^peptide! " " K0:15 *° 

37, 62- 92 and 13 T-lvJ2t t rePreSentin 9 acids x - 

active competitors at concentra^t^ ^and 

and t^ e - C r ten " inal PePtide ° f IPN *' OVW"- (139-1,2, 
and the internal peptide Ovlrar (62-92, i„J„ ! " 

ana rBoi™„„ antiviral activity to th. ' IFf " 
the K-ter^inal peptide ovl^^f" ""^ 
in inline ovx™ T antiviral 'ac^r "dIV" ^ 
data indicatea that lrar (62 . 92) ^^f^ 

inh-^ed IPHr antiviral a l™ lar e ; te «s 

The same peptides that blocked t™ t «. • exte nts. 
also blocked the antiviral antivira l activity 
». ( rB o IFNttJ; ^^tv^ 

by the peptides. Tnese two T f7 ? U " affect ^ 

co^on receptor bildZ r ^ 
IFNas . 5 regi ° nS f ° r IFNr and various 

The two synthetic peptides OvlFNrM-37) and 
Ovl FNr(139 - 172) also blocked and 

activity (Example 17; Figures i,a ! ^nti-Hiv 
Peptides blocked ,v' R ~ ^e'c ^? T 
Peptide, OvIFNr (139-172), appeared to b C " terniln ^ 
inhibitor of vesicular s^tL ^ ^ f 1Ciei * 

feline cell l ine , Fc9 ^ aCtiVltv °" the 



WO 94/10313 



PCT/US93/10016 



25 



30 



35 



The above data tak-pr, *- 
ter»in al regions of typ " * U "" t ^ c- 

«if on the type j int^rfLTrTT ^ * 
t-minai region Bay be reCeptor ' the N - 

» »i*ue functions. y Th b e e se ln ™ 1 - a «- elici tatlon of 

«- X^r interferon ^ecu" that *°«ions of 

reg io „ s of interferon alpha * * * US6<i to -«»»Mtut. 

M- for increased cytotoSl ^ ±S "sponsi- 

« -nt, can be identifiers sutsJrt 3 "" t0 

regions derived £ron IFN r fo" ^M 1 * 
a!pha m olecu!e. Such substitu^r" °* *" 
-anipuietio- ° f ^thetic genes ^LT,*" ""^ 
selected Irar ana interferon a Lh enC ° di "' 
5 the Motional assays described h B ° le ° UleS - «W« to 
"1. antiproliferative a nd £1^? ( ~* «*ivi- 

Polyolonal anti-pentiH X1Clty assays) . 
Peptides yieided si m il a r reLT^ *"» 
inhibition studies, descjb T " ° P0l W>eptide 
gainst the SMe ^ J™ ab ° v - Antibodies directed 
«> and l PKr a39 . 172 r, !f °" S ( ° VTPKr U-37). XFNr (62 . 

in, the Stance of ' be^eT"' ~»<£- 
activity (topl5 „ _ T ^f"° in antiviraa 

ently binding to ^ *~P«aes, al though 

appar- 

° f el icit interim ^ ePt ; r ' did ' and 

cells. "eron-lake effects in the 

The ant iprolif 
*able 11, involVed «* — (Exaaple 

since iFNrUl9- 15 o, was the ! °" the ^^cule, 

o V xp N ,- induced red : c j o v o h f e 2i P Tr c ; ive inhibit - - 

results suggests that the reo J Pr ° llf ^tion. This 

ly responsible for in* ^.tlT ? °* the primari- 

IWrdM-lso, region. This 1! ° gr °" th is the 
-y ^ „s. ful alone or £^ « - the IPNT Kolacula 

— — , an antibody or a„ t^ 1 ™ ^ ~ 

11 alpha poly- 
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Peptide) as ah antineoplastic agent a ™„ • 

tein between an N-terminal peptlZ derLa ^ 

interferon-, and serum alburn ^ "J™ - * f hU » an 

lular proliferation =, t0 have a nticel- 

5 Proliferation activity (Ruegg , et ai 

5 Finally, binding of »*i-ovtfm> *. ' * 

« significance ot these "the functions 

« im are involved in l^To^llZTn^ 
tions, modification of selected amine """"^ fttn °- 
tially result in r™, , , " ected a,nlno could poten- 

Molo g ical acuity -1th selective 

^thl^^e^XTn^ « 
OvXWr proteL teat « T dlSOOnti ^ It- on the 

and Moloaical to^lZ T *" 

structural relatWh , t0 elucid »^ the 

three dimens^o^ tl « " 
three dimensional model would b e lfuT ITtT^ & 

of existing data and «, „ • useful in interpretation 

ng aata and the design of future struc- 
ture/function studies. 

Combining circular dichroism (CD) of hn f n ^ 
length recombinant OvXFNr to IFN/S a r * ^ fUl1 

— sional structure i^J^^^ 
model of OvIFNr has h«n ^ * } ' a 

nas ijeen constructed rp>,„ 

mature of this model is that XPN^alls Lto" 7"*°* 

~i —rr r; :~- J : r~ 

(1991) and variable selection by w c " ' 

(1992) . Johnson, Jr. 
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indicate ,o. 75t alpha bel l^ tl0 " S ° f «» -Pectra 
'» an, aos nn a„ a ^^f^"^- - -tel. at 

selection algorithm estimat! ~ ' ' ^ 
5 cule to be 20S beta sheet a ™= remainder of the mol.- 

estates the remainder to 1 3" tUr "- "» -ttad 
« Mr and IFW seguences > -do. coil. AIi _ 

two molecules, spe=if lo a lly ^ the 
helical structure in ™ « ° nS ° f kno »" 

" alS ° *«- «>at proposed heuTr" ° f ^ 

apolar periodicity indicative « aT° nS P ° ? "" 
"■otif . " ve « a four-helix bundle 

The final modeling step was fa, , 
crystallographio coordinated T t \T ^ ™W x-rav 
lS to «- »r sequence. The "u^ct Mrb ° n ^""a 

»-r. identified above, ^o!""' 113 ' *— « 

-lecule and found to be ^ 01!! ^ ™ « the 

This is consistent with muLT^"^ «""**»*». 
interacting simultaneously wiS ^fT"" SiteS °" »»t 

The three dimensional *»■ I » receptor. 

Unction data described above ^vif ^ " ith 
introduce seance variations'^" ^ """^ *° 
1F " r *» karate enhancement oi sel T ^ « 

antiviral or anticellular prolife r ! " £UnCti ° nS <•■*■. 
to substitute a regio„ (s) of ss f . ' °* "» abii "y 
interferon molecules ' a „t fUnCti ° n int ° «he- 

reduced cytotoxicity,. antl "«l, antineoplastic, or 

The construction of a 
described in Example 3. Brief Iv ° ° VlFKr " 

sequence was bacjc-translated usL" T™^ a ° ino 
*"f *■ -li. The sequence t^ it T^ ^ ***** 
•"-que, restriction sites spaced ^ lnC:lUde 2 °' 

the construct. This SA0 J^^i^T "» ^ « 
•Juenee was divided into u „, , Syntnet " gene se- 

—dual fragments ^TE^?"—. 

nd cl °ned, either 
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smgle or double stranded, into either pTZ l 9R DT , ... 
or prescript, amplified and fused. The syndetic 
Ovx FN , construct uas ^ cloned into BO J £1 ^ tiC 

ompA expression vector for expression in bacteria aL 
5 also cloned into a yeast expression plasmid. A simTL, 
constructed human m , synthetic ge „ e ^T^" 1 * 
been designed, constructed and expressed in vea't cells 

Express.cn of the OvIPHr synthetic gene in yeast 
(Example 4) allowed over production „<• t . 
it , . . . production of recombinant ifNt 

in S. cerevisiae: large quantities (5-20 ma/1, of Z 

binant IPHr can be purified fro- „„•,„, *" 

= puririea from soluble yeast extract 

using sequential ion exchange and molecular siev^r!. 

exited r°^" mt *» -sMoT 

exhibited potent antiviral activity (2 to 3 X 10 ' • 

units/mg) similar to native OvIFNr. 

The synthetic gene construct facilitates introduc- 
tion of mutations for possible enhancement of antitumor 
(anticellular proliferative „„.> „• . antitumor 
Furth., /■ oilteratlve! > and antiviral activities. 

ITT \ aiS ^ r "= "5ions of the molecule responsi- 
ble for different functions allows for separate manlouW 
tion of different functions. Fo r example! t" de^on 
mutants, OvIF Hr (1 - 155) and 0 v Irar(1 _ 166 , ,' have 
constructed to examine the ro!e of carboxy terminal 
sequences m IFNt molecules. 

Additional mutant IFNr molecules have been con- 
•tract- to identify residues critical for antiproli f era- 

ha a r ty : For exampie ' ° ne particui - -Le :; r 

123 has been implicated in the anticellular proliferative 
activity of IFN* (Mclnnes, et al 1989) I ilferative 
of Tvr 123 in tp„ • 1989). The equivalent 

of Tyr 123 in iFNr is contained within peptide 
OvIFNr (119-150): this polypeptide inhibits OvIFNr and 
human IFN* antiproliferative activity, stations con- 
verting Tyr 123 to conservative (Trp) and nonconservative 
(Asp) substitutions have been generated, as well as 
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autant sequences having a el etion of this residue The 

codon for Tyr „, i s locatad wit61n an J£L 

nation of this site has h OM _» site, eiimi- 

antiproiiferative acti"! «T ™" 
atea as described herei" ""^ ** eVal - 

Synthetic peptides can be aenera^H „>, • u 
to the IFNt polypeptides of «! WhlCh corr ^ P ond 

sv^h-*-- ^P e Ptides of the present invention, 

synthetic peptides nan k« . 

p Ptiaes can be commercially synthesized «^ 

~ cf .^^ccrrtrtr, 

large coding seouences • ' Me case of 

y eguences, synthesized by a series «^ „i 
mg steps involving = 4. ^ series of clon- 

The biological activities «f • ^ 

peptides described above can be"" 
the interferon-, polypeptides USi " 9 """^ 

ether proteins (see ^ " ^ ~ 

IV - fTgductlnn of F.,« <m . pi — 
-erf™-^:— 

— -sea proteins can be iTJZZl^ZZTZl * 

:;:;:: T ° r a bioactive ^ — - - - Jsr^ 

For example, where interferon-r i s MtkA * • 
viral egression, the polypeptides pre™ as ITT 
-X. and SEQ „ H o :20 „ ay be adva „ tageously a - ^ a 
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soluble peptide, such as, serum albumin, an antibody 
{e.g., specific against an virus-specific cell surface 
antigen), or an interferon alpha polypeptide. other 
examples of fusion proteins include (i) replacing toxici- 
ty-associated regions of interferon-a with the interfer- 
ons regions SEQ ID NO: 5 and SEQ ID NO: 15, and (ii) 
fusion proteins containing the interferon-r regions SEQ 
ID N0:9 and SEQ ID NO:l9 as anticellular proliferation 
agents - 

The fused proteins of the present invention may be 
formed by chemical conjugation or by recombinant tech- 
niques. In the former method, the interferon-r and 
second selected polypeptide are modified by conventional 
coupling agents for covalent attachment. m one exempla- 
ry method for coupling soluble serum albumin to an inter- 
feron-r polypeptide, serum albumin is derivati ze d with N- 
succinimidyl-s-acetyl thioacetate (Duncan) , yielding 
thiolated serum albumin. The activated serum albumin 
polypeptide is then reacted with interferon-r derivatized 
with N-succinimidyl 3-(2-pyridyldithio) propionate (cum- 
ber), to produce the fused protein joined through a 
disulfide linkage. 

As an alternative method, recombinant interferon-r 
may be prepared with a cysteine residue to allow disul- 
fide coupling of the interferon-r to an activated ligand 
thus simplifying the coupling reaction. An interferon-r' 
expression vector, used for production of recombinant 
interferon-r, can be modified for insertion of an inter- 
nal or a terminal cysteine codon according to standard 
methods of site-directed mutagenesis (Ausubel, et al . ) 

In one method, a fused protein is prepared recombi- 
nant^ using an expression vector in which the coding 
sequence of a second selected polypeptide is joined to 
the interferon-r coding sequence. For example, human 
serum albumin coding sequences can be fused in-frame to 
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the coding sequence of an interferon-r polypeptide, such 
as, SEQ ID NO: 9. The fused protein is then expressed 
using a suitable host cell. The fusion protein may be 
purified by molecular-sieve and ion-exchange chromatogra- 
phy methods, with additional purification by polyacryl- 
amide gel electrophoretic separation and/or HPLC chroma- 
tography, if necessary. 

It will be appreciated from the above how interfer- 
on-r -containing fusion proteins may be prepared. One 
variation on the above fusion is to exchange positions of 
the interf eron-T and selected second protein molecules in 
the fusion protein (e.g., carboxy terminal versus amino 
terminal fusions). Further, internal portions of a 
native interferon-r polypeptide (for example, amino acid 
regions of between 15 and 172 amino acids) can be assem- 
bled into polypeptides where two or more such interferon- 
r portions are contiguous that are normally discontinuous 
in the native protein. 

v - Antibodies Rea ctive with Interferon-r . 

Fusion proteins containing the polypeptide antigens 
of the present invention fused with the glutathione-s- 
transf erase (Sj26) protein can be expressed using the 
pGEX-GLI vector system in E. coll JMlOl cells. The fused 
Sj26 protein can be isolated readily by glutathione 
substrate affinity chromatography (Smith) . Expression 
and partial purification of IFNr proteins is described in 
(Example 2 0) , and is applicable to any of the other 
soluble, induced polypeptides coded by sequences de- 
scribed by the present invention. 

Insoluble GST (sj26) fusion proteins can be puri- 
fied by preparative gel electrophoresis. 

Alternatively, IFNr-^-galactosidase fusion proteins 
can be isolated as described in Example 19. 
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Also included in the invention is an expression 
vector, such as the lambda gtll or pGEX vectors described 
above, containing IFNt coding sequences and expression 
control elements which allow expression of the coding 
5 regions in a suitable host. The control elements gener- 
ally include a promoter, translation initiation codon, 
and translation and transcription termination sequences, 
and an insertion site for introducing the insert into the 
vector . 

10 The DNA encoding the desired polypeptide can be 

cloned into any number of vectors (discussed above) to 
generate expression of the polypeptide in the appropriate 
host system. These recombinant polypeptides can be 
expressed as fusion proteins or as native proteins. A • 
15 number of features can be engineered into the expression 
vectors, such as leader sequences which promote the 
secretion of the expressed sequences into culture medium. 
Recombinantly produced IFNt, and polypeptides derived 
therefrom, are typically isolated from lysed cells or 
20 culture media. Purification can be carried out by meth- 
ods known in the art including salt fractionation, ion 
exchange chromatography, and affinity chromatography. 
Immunoaffinity chromatography can be employed using 
antibodies generated against selected IFNt antigens. 
25 In another aspect, the invention includes specific 

antibodies directed against the polypeptides of the 
present invention. Typically, to prepare antibodies, a 
host animal, such as a rabbit, is immunized with the 
purified antigen or fused protein antigen. Hybrid, or 
fused, proteins may be generated using a variety of 
coding sequences derived from other proteins, such as /3- 
galactosidase or glutathione-S -transferase. The host 
serum or plasma is collected following an appropriate 
time interval, and this serum is tested for antibodies 
35 specific against the antigen. Example 2 0 describes the 
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production of rabbit serum antibodies which are specific 
against the IFNr antigens in a Sj26/IFNr hybrid protein. 
These techniques can be applied to the all of the IFNr 
molecules and polypeptides derived therefrom. 
5 The gamma globulin fraction or the IgG antibodies of 

immunized animals can be obtained, for example, by use of 
saturated ammonium sulfate or DEAE Sephadex,* or other 
techniques known to those skilled in the art for produ- 
cing polyclonal antibodies, 
10 Alternatively, purified protein or fused 

protein may be used for producing monoclonal antibodies. 
Here the spleen or lymphocytes from a animal immunized 
with the selected polypeptide antigen are removed and 
immortalized or used to prepare hybridomas by methods 
15 known to those skilled in the art (Harlow, et al.)- Lym- 
phocytes can be isolated from a peripheral blood sample. 
Epstein-Barr virus (EBV) can be used to immortalize human 
lymphocytes or a fusion partner can be used to produce 
hybridomas . 

20 Antibodies secreted by the immortalized cells are 

screened to determine the clones that secrete antibodies 
of the desired specificity, for example, by using the 
ELISA or Western blot method (Ausubel et al . ) . Experi- 
ments performed in support of the present invention have 
25 yielded four hybridomas producing monoclonal antibodies 
specific for ovine IFNr have been isolated. 

Antigenic regions of polypeptides are generally 
relatively small, typically 7 to 10 amino acids in 
length. Smaller fragments have been identified as anti- 
3 0 genie regions. Interferon-r polypeptide antigens are 

identified as described above. The resulting DNA coding 
regions can be expressed recombinantly either as fusion 
proteins or isolated polypeptides. 

In addition, some amino acid sequences can be conve- 
35 niently chemically synthesized (Applied Biosystems, 
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Foster City CA) . Antigens obtained by any of these 
methods may be directly used for the generation of anti- 
bodies or they may be coupled to appropriate carrier 
molecules. Many such carriers are known in the art and 
5 are commercially available (e.g., Pierce, Rockford IL) . 

Antibodies reactive with IFNt are useful, for exam- 
ple, in the analysis of structure/ function relationships. 

VI. Utility 
10 A. Reproductive . 

Although IFNr bears some similarity to the IFNa 
family based on structure and its potent antiviral prop- 
erties, the IFNas do not possess the reproductive proper- 
ties associated with IFNt. Also, recombinant bovine IFNa 
15 has little or no effect on interestrous interval compared 
to IFNr (Davis, et al., 1992). 

Therefore, although IFNr has some structural simi- 
larities to other interferons, it has very distinctive 
properties of its own: for example, the capability of 
20 significantly influencing the biochemical events of the 
estrous cycle. 

The human IFNr of the present invention can be used 
in methods of enhancing fertility and prolonging the life 
span of the corpus lut&um in female, mammals as generally 
25 described in Hansen, et al . , herein incorporated by 

reference. Further, the human inter feron-r of the pres- 
ent invention could be used to regulate growth and devel- 
opment of uterine and/or f etal-placental tissues. The 
human IFNr is particularly useful for treatment of hu- 
3 0 mans, since potential antigenic responses are less likely 
using such a same-species protein. 



35 



B. Antiviral Properties. 

The antiviral activity of IFNr has broad therapeutic 
applications without the toxic effects that are usually 
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associated with IFNas . Although the presence of IFNr in 
culture medium inhibited reverse transcriptase activity 
of the feline immunodeficiency virus (Example n, , this 
is not due to a direct effect of IFNr on the Fiv. Rath- 
er, IFNr appears to induce the host cell to produce a 
factor (s) which is inhibitory to the reverse transcrip- 
tase of the virus. p 

IFNr was found to exert its antiviral activity 
without adverse effects on the cells: no evidence of 
cytotoxic effects attributable to the administration of 
IFNr was observed. It is the lack of cytotoxicity of 
IFNr which makes it extremely valuable as an In vivo 
therapeutic agent. This lack of cytotoxicity sets IFNt 
apart from most other known antiviral agents and all 
15 other known interferons. 

Formulations comprising the IFNr compounds of the 
present invention can be used to inhibit viral repl ica - 

The human IFNr of the present invention can be 
employed in methods for affecting the ifflBUne relationship 
between fetus and mother, for example, in preventing 
transmission of maternal viruses {e . g ., H1V) to the 
developing fetus, The human interferon-r is particularly 
useful for treatment of humans, since potential antigenic 
5 responses are less likely using a homologous protein 

C ' Anticellular Prolifo ^ tion r - 

IFNr exhibits potent anticellular activity. i FNt 
can also be used to inhibit cellular growth without the 
negative side effects associated with other interferons 
whxch are currently known. Formulations comprising the 
IFNr compounds of the subject invention can be used to 
inhibit, prevent, or slow tumor growth. 

The development of certain tumors is mediated by 
estrogen. Experiments performed in support of the pres . 
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ent invention indicate that IFNt can suppress estrogen 
receptor numbers. Therefore, IFNt can be used in the 
treatment or prevention of estrogen-dependent tumors. 



D. 



Interfering w-i-t-h the Bi nding nf intprf 0 y»n. to 
Receptors . " " 

IFNt appears to interact with the Type I ifn recep- 
tor via several epitopes on the molecule, and these 
regions either separately or in combination may affect 
distinct functions of IFNt differently. 

The polypeptides of the present invention are useful 
for the selective inhibition of binding of interferons to 
the interferon receptor. Specifically, as described 
herein, certain of the disclosed peptides selectively 
inhibit the antiviral activity of IFNt while others 
inhibit the antiproliferative activity. Combinations of 
these peptides could be used to inhibit both activities. 
Advantageously, despite binding to the interferon recep- 
tor and blocking IFNt activity, these peptides do not, 
themselves, elicit the antiviral or antiproliferative' 
activity. 

Therefore, such polypeptides can be used as iamuno- 
regulatory molecules when it is desired to prevent immune 

25 responses triggered by interferon molecules. These 

peptides could be used as immunosuppressants to prevent, 
for example, interf eron-mediated immune responses to 
tissue transplants. other types of interferon mediated 
responses may also be blocked, such as the cytotoxic 

3 0 effects of alpha interferon. 



E - Pharma ceutical Compositions . 

IFNt proteins can be formulated according to known 
methods for preparing pharmaceutical ly useful composi- 
35 tions. Formulations comprising interferons or interf er- 
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on-like compounds have been previously described (for 
example, Martin, 1976) . m general, the compositions of 
the sublet invention will be formulated such that an 
effective amount of the iPNr is combined with a suitable 
5 carrier in order to facilitate effective administration 
of the composition. 

The compositions used in these therapies may also be 
in a variety of forms. These include, for example, 
solid, semi-solid, and liquid dosage forms, such as 
' tablets, pills,, powders, liguid solutions or suspensions 
liposomes, suppositories, injectable, and infusible 
solutions. The preferred form depends on the intended 
mode of administration and therapeutic application. The 
compositions also preferably include conventional pharma- 
ceutical^ acceptable carriers and adjuvants which are 
known to those of skill in the art. Preferably, the 
compositions of the invention are in the form of a unit 
dose and will usually be administered to the patient one 
or more times a day. 

IFNr, or related polypeptides, may be administered 
to a patient in any pharmaceutical^ acceptable dosage 
form, including intravenous, intramuscular, intrale- 
sional, or subcutaneous injection. Specifically, compo- 
sitions and methods used for other interferon compounds 
can be used for the delivery of these compounds. 

One primary advantage of the compounds of the sub- 
ject invention, however, is the extremely low cytotoxici- 
ty of the IFNr proteins. Because of this low cytotoxici- 
ty, it is possible to administer the IFNr in concentra-" 
tions which are greater than those which can generally b « 
utilized for other interferon (e.g., i FNa) compounds. 
Thus, IFNr can be administered at rates from about 5 x 0 ' 
to 20 x io* units/day to about 500 x i 0 « units/day or 
more. m a preferred embodiment, the dosage is about i0 * 
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units/day. High doses are preferred for systemic admin- 
istration. It should, of course, be understood that the 
compositions and methods of this invention may be used in 
combination with other therapies. 
5 Once improvement of a patient's condition has oc- 

curred, a maintenance dose is administered if necessary. 
Subsequently, the dosage or the frequency of administra- 
tion, or both, may be reduced, as a function of the 
symptoms, to a level at which the improved condition is 

10 retained. When the symptoms have been alleviated to the 
desired level, treatment should cease. Patients may, 
however, require intermittent treatment on a long-term 
basis upon any recurrence of disease symptoms. 

The compositions of the subject invention can be 

15 administered through standard procedures to treat a 

variety of cancers and viral diseases including those for 
which other interferons have previously shown activity. 
See, for example, Finter, et al. (1991); Dianzani, et al . 
(1992); Francis, et al . (1992) and U.S. Patent Nos. 

20 4,885,166 and 4,975,276. However, as discussed above, 
the compositions of the subject invention have unique 
features and advantages, including their ability to treat 
these conditions without toxicity. 

25 F. Treatment of Skin Disorders . 

Disorders of the skin can be treated intralesionally 
using IFNr , wherein formulation and dose will depend on 
the method of administration and on the size and severity 
of the lesion to be treated. Preferred methods include 

3 0 intradermal and subcutaneous injection. Multiple injec- 
tions into large lesions may be possible, and several 
lesions on the skin of a single patient may be treated at 
one time. The schedule for administration can be deter- 
mined by a person skilled in the art. Formulations 
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designed for sustained release can reduce the frequency 
of administration . 

G. Systemic Treatment . 

5 Systemic treatment is essentially equivalent for all 

applications. Multiple intravenous or subcutaneous doses 
are possible, and in the case of implantable methods for 
treatment, formulations designed for sustained release 
are particularly useful. Patients may also be treated 
10 using implantable subcutaneous portals, reservoirs, or 
pumps. 

H. Regional Treatment « 

Regional treatment with the IFNr polypeptides of the 
15 present invention is useful for treatment of cancers in 

specific organs. Treatment can be accomplished by intra- 
arterial infusion. A catheter can be surgically or 
angiographically implanted to direct treatment to the 
affected organ. A subcutaneous portal, connected to the 

2 0 catheter, can be used for chronic treatment, or an im- 

plantable, refillable pump may also be employed. 

The following examples illustrate, but in no way are 
intended to limit the present invention. 

25 

Materials and Methods 
Restriction endonucleases , T4 DNA ligase, T4 polynu- 
cleotide kinase, Tag DNA polymerase, and calf intestinal 
phosphatase were purchased from New England Biolabs 

3 0 (Beverly, MA) or Promega Biotech (Madison, WI) : these 

reagents were used according to the manufacturer's in- 
struction. For sequencing reactions, a "SEQUENASE DNA 
II" sequencing kit was used (United States Biochemical 
Corporation, Cleveland OH) . Immunob lotting and other 
3 5 reagents were from Sigma Chemical Co. (St. Louis, MO) or 
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Fisher Scientific (Needham, MA) . Nitrocellulose filters 
are obtained from Schleicher and Schuell (Keene, NH) . 

Synthetic oligonucleotide linkers and primers are 
prepared using commercially available automated oligonu- 
5 cleotide synthesizers (e.g., an ABI model 380B-02 DNA 
synthesizer (Applied Biosystems, Foster City, CA) ) . 
Alternatively , custom designed synthetic oligonucleotides 
may be purchased, for example, from Synthetic Genetics 
(San Diego, CA) . cDNA synthesis kit and random priming 

10 labeling kits are obtained from Boehringer-Mannheim 
Biochemical (BMB, Indianapolis, IN). 

Oligonucleotide sequences encoding polypeptides can 
be either synthesized directly by standard methods of 
oligonucleotide synthesis, or, in the case of large * 

15 coding sequences, synthesized by a series of cloning 

steps involving a tandem array of multiple oligonucleo- 
tide fragments corresponding to the coding sequence 
(Crea; Yoshio et al.; Eaton et al.). oligonucleotide 
coding sequences can be expressed by standard recombinant 

20 procedures (Maniatis et al. ; Ausubel et al.). 

Alternatively, peptides can be synthesized directly 
by standard in vitro techniques (Applied Biosystems, 
Foster City CA) . 

Common manipulations involved in polyclonal and 

25 monoclonal antibody work, including antibody purification 
from sera, are performed by standard procedures (Harlow 
et al,)- Pierce (Rockford, IL) is a source of many 
antibody reagents. 

Recombinant human IFNa (rHuIFNoe) and rBoIFNy was 

3 0 obtained from Genentech Inc. (South San Francisco, CA) • 
The reference preparation of recombinant human IFNa 
(rHuIFNa) was obtained from the National Institutes of 
Health: rHuIFNa is commercially available from Lee 
Biomolecular (San Diego, CA) . 
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All tissue culture media, sera and IFNs used in this 
study were negative for endotoxin, as determined by assay 
with Limulus amebocyte lysate (Associates of Cape Cod, 
Woods Hole, MA) at a sensitivity level of 0.07 ng/ml. 

5 

General ELISA Protocol for Detection of Antibodies, 

Polystyrene 9 6 well plates Immulon II (PGC) were 
coated with 5 pg/mL (100 ftL per well) antigen in O.l M 
carb/ bicarbonate buffer, pH 9.5. Plates were sealed with 
10 parafilm and stored at 4°C overnight. 

Plates were aspirated and blocked with 300 uL 10% 
NGS and incubated at 37 °C for 1 hr. 

Plates were washed 5 times with- PBS 0.5% "TWEEN-20' 1 . 

Antisera were diluted in 0.1 M PBS, pH 7.2. The 
15 desired dilution (s) of antisera (0.1 mL) were added to 
each well and the plate incubated 1 hours at 37 °C. The 
plates was then washed 5 times with PBS 0.5% "TWEEN-20" . 

Horseradish peroxidase (HRP) conjugated goat anti- 
human antiserum (Cappel) was diluted 1/5,000 in PBS. o.l 

2 0 mL of this solution was added to each well. The plate 

was incubated 30 min at 37°C / then washed 5 times with 
PBS. 

Sigma ABTS (substrate) was prepared just prior to 
addition to the plate. 
25 The reagent consists of 50 mL 0.05 M citric acid, pH 

4.2, 0.078 mL 30% hydrogen peroxide solution and 15 mg 
ABTS. 0.1 mL of the substrate was added to each well, 
then incubated for 3 0 min at room temperature. The 
reaction was stopped with the addition of 0.050 mL 5% SDS 

3 0 (w/v) . The relative absorbance is determined at 410 run, 

EXAMPLE 1 
Reproductive Functions of IFNr 
The effect of interferon-r on the lifespan of the 
35 corpus lutein was examined. 
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IFNt was infused into uterine lumen of ewes at the 
concentrations given in Table 1. Recombinant human IFNo: 
(rHuIFNa) was infused at similar concentrations. In 
addition, control animals, which received control pro- 
5 teins, were also used. The life span of the corpus 

luteum was assessed by examination of interestrous inter- 
vals, maintenance of progesterone secretion, and inhibi- 
tion of prostaglandin secretion (Davis, et al., 1992). 

10 Table 1 

Effect of Interferons on Reproductive Physiology 



Xnt erf o r on 






Control 




17.3 


rHuIFNa 


100 /ig/day 
200 /ig/day 
2000 fig/day 


16.0 
16.0 
19.0 


OvIFNT 


100 jig/day 


27.2 



20 

Comparison of the interestrous intervals for the 
control animals and for animals receiving OvIFNr demon- 
strate a considerable lengthening of the interval, when 
IFNt is administered at 100/xg/day. On the other hand, 

25 comparison of the interestrous interval for the control 
animal and for animals receiving recombinant human IFNct, 
demonstrated that rHuIFNa had no meaningful effect. 

These results demonstrate that interferon-r has the 
capability of significantly influencing the biochemical 

3 0 events of the reproductive cycle. 

EXAMPLE 2 

Antiviral Properties of Interferon-T at 
Various Stages of the Reproductive Cycle 

35 conceptus cultures were established using conceptus 

obtained from sheep at days 12 through 16 of the estrous 
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cycle. Antiviral activity of supernatant from each 
conceptus culture was assessed using a cytopathic effect 
assay (Familetti, et al., 1981). Briefly, dilutions of 
IFNr or other IFNs were incubated with Madin-Darby bovine 
5 kidney (MDBK) cells for 16-18 hours at 37°C. Following 
incubation, inhibition of viral replication was deter- 
mined in a cytopathic effect assay using vesicular stoma- 
titis virus (VSV) as the challenge virus. 

One antiviral unit caused a 50% reduction in de- 

10 struction of the monolayer, relative to untreated MDBK 
cells infected with VSV (control plates) • Specific 
activities were further evaluated using normal ovine 
fibroblasts (Shnf) in a plague inhibition assay (Lang- 
ford, et al . , 1981) . A minimum of three samples were. 

15 examined at each time point, and each sample was assayed 
in triplicate. The results presented in Table 2 axe 
expressed as mean units/ml. 



-20 Table 2 

XFNt Antiviral Activity of Conceptus Cultures 
and Allantoic and Amniotic Fluids 









■^l^itByml 1 '^ 


Conceptus Cultures 


10 


" 9 


<3 


12 


5 


34 


13 


6 


4.5 x 10 3 


14 


3 


7.7 x 10 3 


16 


12 


2.0 x 10 6 


Allantoic Fluid 


60 


3 


1.4 x 10 3 


100 


4 


11 


140 


3 


<3 


Amniotic Fluid 


60 


3 


22 


100 


4 


<3 
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Culture supernatants had increasing antiviral activ- 
ity associated with advancing development of the concep- 
tus (Table 2) . 



5 EXAMPLE 3 

Expression of IFNr in Bacteria 
The amino acid coding sequence for OvIFNr (Imakawa, 
et al . , 1987) was used to generate a corresponding DNA 
coding sequence with codon usage optimized for expression 

10 in coll. Linker sequences were added to the 5' and 3' 
ends to facilitate cloning in bacterial expression vec- 
tors. The nucleotide sequence was designed to include 19 
unique restriction enzyme sites spaced evenly throughout 
the coding sequence (Figure 1) . 

15 The nucleotide sequence was divided into eleven 

oligonucleotide fragments ranging in sizes of 33 to 75 
bases* Each of the eleven oligonucleotides were synthe- 
sized on a 380-B 2-column DNA synthesizer (Applied Bio- 
sytems) and cloned single— or double-stranded into one of 

20 the following vectors: , 'pBLTJESCRIPT + (KS) " (Stratagene, 
LaJolla, CA) , pTZ18R (Pharmacia, Piscataway, NJ) , or 
pTZ19R (Pharmacia, Piscataway , NJ) cloning vectors. 

The vectors were transformed into E- coll K. strain 
"XL1-BLUE" (recAl endAl gyrA96 thi hsdR17 (r; f m K +) supE44 

25 relAl X - (lac), {F', proAB, lac q 2AM15, TnlO(tet R }) which 
is commercially available from Stratagene (LaJolla, CA) . 
Transformed cells were grown in L broth supplemented with 
ampicillin (50 ^g/ml) . Oligonucleotide cloning and 
fusion was performed using standard recombinant DNA 

3 0 techniques . 

Cloning vectors were cut with the appropriate re- 
striction enzymes to insert the synthetic oligonucleo- 
tides. The vectors were treated with calf intestine 
alkaline phosphatase (CIP) to remove terminal phosphate 
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groups. Oligonucleotides were phosphorylated and cloned, 
as either single- or double-stranded molecules, into the 
appropriate vector using T4 DNA ligase. When single- 
strands were introduced into cloning vectors, the second 
5 strand was completed by the bacterial host following 
transf ection . 

For double-stranded cloning, oligonucleotides were 
first annealed with their synthetic complementary strand 
then ligated into the cloning vector, E. coll K12 

10 strains SB221 or NM522 were then transformed with the 
ligation, E* coll strain GM119 was used for cloning 
when the methylation-sensitive StuX and Clal restriction 
sites were involved. Restriction analyses were performed 
on isolated DNA at each stage of the cloning procedure. 

15 Cloned oligonucleotides were fused into a single 

polynucleotide using the restriction digestions and 
ligations outlined in Figure 2. Oligonucleotide-contain- 
ing-DNA fragments were typically isolated after electro- 
phoretic size fractionation on low-melting point agarose 

20 gels (Maniatis, et a2 . ; Sambrook, et al.; Ausubel, et 

al.). The resulting IFNr polynucleotide coding sequence 
spans position 16 through 531: a coding sequence of 172 
amino acids. 

The nucleotide sequence of the. final polynucleotide 
25 was confirmed by DNA sequencing using the dideoxy chain 
termination method. 

The full length Stul/SstX fragment (540 bp; Figure 
2) was cloned into a modified pIN III omp-A expression 
vector and transformed into a competent SB221 strain of 
3 0 E. coll. For expression of the IFNt protein, cells 
carrying the expression vector were grown in L-broth 
containing ampicillin to an OD (550 nm) of 0.1-1, induced 
with IPTG for 3 hours and harvested by centrifugation. 
Soluble recombinant IFNt was liberated from the cells by 
35 sonication or osmotic fractionation. 
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EXAMPLE 4 



30 



35 
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isolated. The yeast expression vector pBS24Ub (Sabin, et 
al.; Ecker, et al.) was digested with Sail.. Blunt ends 
were generated using T4 DNA polymerase. The vector DNA 
was extracted with phenol and ethanol precipitated (Sam- 
brook, et al., 1989). The recovered linearized plasmid 
was digested with Sacli, purified by agarose gel electro- 
phoresis, and ligated to the SacII-^coRV fragment isolat- 
ed from pBSY— IFNr . The resulting recombinant plasmid was 
designated pBS24Ub-IFNr. 

The recombinant plasmid pBS24Ub-IFNr was transformed 
into E. coll. Recombinant clones containing the IFNt 
insert were isolated and identified by restriction enzyme 
analysis. Plasmid DNA from clones containing IFNt coding 
sequences was used for transformation of S. cerevisiae 
15 (Rothstein, 1986) . Transformation mixtures were plated 
on uracil omission medium and incubated for 3-5 days at 
30»C. Colonies were then streaked and maintained on 
uracil and leucine omission medium (Rothstein, 1986) . 

20 c - Expres sion Experiments . 

For small-scale expression, a single colony of s. 
cerevxsiae AB116 containing P BS24Db-lFNr was picked from 
a leucine and uracil omission plate and grown at 3 0 in 
YEP medium (1% yeast extract, 2% peptone) containing 1% 
glucose for inducing conditions or 8% glucose for non- 
inducing conditions. Cell lysates were recovered and 
subjected to SDS-PAGE in 15% acrylamide, 0.4% bisacryia- 
mide (Sambrook, et al., 1989). The fractionated proteins 
were visualized by Coomassie blue staining. 

Recombinant IFNt was visualized specifically by 
immunoblotting with monoclonal antibody or polyclonal 
antiserum against ovine IFNt upon electrotransfer of the 
fractionated cell extract to "NYTRAN" paper (Rothstein, 
1986) . 
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For large-scale expression, pBS2 4-IFNr was grown for 
24 hours at 30°C in 5 x uracil and leucine omission 
medium containing 8% glucose. This culture was then 
diluted 20-fold in YEP medium containing 1% glucose and 
5 further incubated for another 24-36 hours. 

Cells were harvested by centrif ugation, washed in 50 
mM Tris, pH 7. 6, /l mM EDTA and resuspended in wash buffer 
containing 1 mM PMSF. The cells were lysed using a Bead- 
beater apparatus (Biospec Products, Bartlesville, OK) . 
10 The lysate was spun at 43,000 x g for 20 minutes. The 
supernatant fraction was recovered and subjected to the 
purification protocol described below. 

D- Purific ation of r-IFNr from Yeast Cell Lvsate . 
15 The supernatant was loaded on a 1 x 10 cm DEAE 

column and washed with 10 mM Tris, pH 8.0. Retained 
proteins were eluted with a 300 ml, 0 to 0.5 M NaCl 
gradient in 10 mM Tris, pH 8.0. Three-milliliter frac- 
tions were collected. Ten-microliter samples of frac- 
20 tions 17-26 containing the recombinant (r-IFNr) were 

electrophorectically separated on 15% SDS-polyacrylamide 
gels. The gels were stained with Coomassie blue. 

Fractions 18, 19, and 20 contained largest amount of 
r-IFNr. These fractions were loaded individually on a 
25 1.5 x 90 cm Sephadex S-200 column and proteins were 

resolved in two peaks, Aliquots of each protein peak (25 
pi) were electrophoretically separated on 15% SDS-poly- 
acrylamide gels and the proteins visualized with Coomas- 
sie staining. 

3 0 Purified r-IFNr -containing fractions were combined 

and the amount of r-IFNr quantified by radioimmunoassay 
(Vallet, et al . , 1988). Total protein concentration was 
determined by using the Lowry protein assay (Lowry, et 
al . , 1951) - 
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Microsequencing of purified r-IFNr demonstrated 
identity with native IFNr through the first 15 amino 
acids, confirming that the ubiquitin/r-IFNr fusion pro* 
tein was correctly processed in vivo. 

Purified r-IFNr exhibited 2 to 3 x io 8 units of 
antiviral activity per milligram of protein (n = 3 repli- 
cate plates) which is similar to the antiviral activity 
of IFNt purified from conceptus-conditioned culture 
medium (2 x io 8 U/mg) . 



EXAMPLE 5 

Southern Blot Analysis of Human 
High Molecular Weight DNA 

Human venous biood samples from healthy donors were 

15 collected in heparinized tubes and peripheral blood 

lymphocytes were isolated by density-gradient centrifuga- 

tion using a Ficoll-Isopague gradient (1.077 g/ml) (Sigma 

Chemical Co.)- High molecular weight (HMW) DNA was 

isolated from these cells (Sambrook, et al., 1989). 

20 Two 10 /xg samples of HMW DNA were digested with the 

restriction endonucleases HindXXl or PstI (Pr omega) for 2 

hours at 37 °C, and the DNA fragments electrophoretically 

separated in a 0.8% agarose gel (Bio-Rad, Richmond, CA) 

at 75 volts for 8 hours. The DNA fragments were trans- 

25 f erred onto a nylon membrane (IBI-International Biotech- 
nologies, Inc., New Haven, CT) . The membrane was baked 
at 80 °C for 2 hours and incubated at 42 °C for 4 hours in 
the following prehybridization solution: 5 x SSC (1 x 
SSC is 0.15 M NaCl and 0.15 M sodium citrate), 50% vol/- 

30 vol formamide, 0-6% (wt/vol) SDS, 0.5% (wt/vol) nonfat 
dry milk, 20 mM Tris-HCl (pH 7.5), 4 mM EDTA, and 0.5 
mg/ml single stranded herring sperm DNA (Promega) . 

The filter was then incubated in a hybridization 
solution (5 x SSC, 20% vol/vol formamide, 0.6% (wt/vol) 

3 5 SDS, 0.5% (wt/vol) nonfat dry milk, 2 0 mM Tris-HCl (pH 
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7.5), 4 DM EDTA, and 2 x io 8 cpm/ml 32 P-labelled OvIFNt 
cDNA (Imakawa, et al., 1987)) for 18 hours at 42°C. The 
filter was washed at 42 °C for 15 minutes with 2 x SSC and 
0.1% (wt/vol) SDS and exposed to X-ray film (XAR, Eastman 
5 Kodak, Rochester, NY) at -80°C for 48 hours in the pres- 
ence of an intensifying screen. 

Autoradiography detected a hybridization signal at 
approximately 3.4 kb in DNA digested with PstX and a 
slightly smaller (a 3.0 kb) fragment in the JJindlll 
10 digested DNA. These results indicate the presence of 
human DNA sequences complementary to the OvIFNr cDNA 
probe . 

EXAMPLE 6 

15 Isolation of Partial Sequence of 

Krnnan TFW f^ DNA bv PCR 

Two synthetic oligonucleotides (each 25-mer) , corre- 
sponding to the sequence 231 to 255 (contained in SEQ ID 
NO: 13) and 566 to 59 0 (contained in SEQ ID NO: 14) of 

20 OvIFNt cDNA (numbering relative to the cap site, Imakawa , 
et al . , 1987) were synthesized. These primers contained, 
respectively, cleavage sites for the restriction endonu- 
cleases PstX and .EcoRI. SEQ ID NO: 13 was modified to 
contain the EaoRI site, which begins at position 569. 

25 DNA was isolated from approximately 1 x 10 s plaque 

forming units (pfu) of the following two cDNA libraries: 
human term placenta (Clontech, Inc., Palo Alto, CA) and 
human term cytotrophoblast (Dr. J.F. Strauss, University 
of Pennsylvania, Philadelphia PA) . The DNA was employed 

30 in polymerase chain reaction (PCR) amplifications (Mul- 

lis; Mullis, et al.; Pekin Elmer Cetus Corp. Norwalk CT) . 
Amplification reactions were carried out for 30 cycles 
(45°C, lm; 72 °C, 2m; 94°C, lm) (thermal cycler and re- 
agents, Perkin Elmer Cetus) using primers SEQ ID 

35 N0:13/SEQ ID NO: 14. 
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Amplification products were electrophoretically 
separated (100 volts in a 1.5% agarose gel (Bio-Rad) ) and 
transferred onto a nylon membrane (IBI) . The membrane 
was baked at 80 °C for 2 hours and prehybridized and 
5 hybridized with 32 P-labelled OvIFNt cDNA as described 

above. The membrane was washed in 5 x SSC/0.1% (wt/vol) 
SDS for 5 minutes at 42 °C and in 2 x SSC/0.1% (wt/vol) 
SDS for 2 minutes at 42 °C. It was then exposed at -80°C 
to "XAR" (Eastman Kodak) X-ray film for 24 hours in the 
10 presence of an intensifying screen • An amplification 

product that hybridized with the labelled probe DNA was 
detected . 

PCR was performed again as directed above. Ampli- 
fied products were digested with the restriction endonu- 

15 cleases EcdRX and PstI (Promega) for 90 minutes at 37 °C. 
The resulting DNA fragments were electrophoretically 
separated as described above and the band containing the 
IFNT amplification product was excised from the gel. DNA 
fragments were recovered by electroelution, subcloned 

20 into EcoKT/PsfL digested-dephosphorylated plasmid pUC19 
and transformed into E. coll strain JM101 (Promega) by 
calcium chloride method (Sambrook, et al . , 1989). The 
plasmids were isolated and the inserted amplification 
product sequenced using the dideoxy. termination method 

25 (Sanger, et al . , 1977; "SEQUENASE" reactions, United 

States Biochemical, Cleveland, OH). Nucleotide sequences 
were determined, and comparison of these as well as the 
deduced amino acid sequences to other I FN sequences were 
performed using DNA Star Software (Madison, WI) . 

3 0 Comparison of the sequences of these clones revealed 

three different clones: from the human placental li- 
brary, Clone 15 (3 06 bp) and Clone 21 (315 bp) , which 
exhibit 95% identity in their nucleotide sequences; from 
the cytotrophoblast library clone CTB 35 (301 basepairs) , 
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which shares 95% and 98% identity with Clone 15 and Clone 
2 1 , respectively . 



EXAMPLE 7 

Isolation of Full-Length Human IFNr Genp. 
Ten micrograms PBMC HMW DNA was digested with re- 
striction endonuclease JEcoRI and subjected to electropho- 
retic analysis in a 0.8% agarose gel, A series of sam- 
ples containing ranges of DNA fragments sized 1.5 to io 
kb (e.g., 1.5 to 2.5 kb, 2.5 kb to 3 kb) were excised 
from the gel. The DNAs were electroeluted and purified. 
Each DNA sample was amplified as described above using 
the OvIFNr primers. The DNA molecules of any sample that 
yielded a positive PCR signal were cloned into Xgtll (the 
subgenomic Xgtll library) . 

A - PCR Identific ation of Clones Containing Se- 
quences Complementary to OvTFNr . 

The Xgtll phage were then plated for plagues and 
plague-lift hybridization performed using the 32 P-labelled 
OvIFNt cDNA probe. Approximately 20 clones were identi- 
fied that hybridized to the probe. 

Plagues that hybridized to the probe were further 
analyzed by PCR using the OvIFNr primers described above. 
Six plagues which generated positive PCR signals were 
purified. The phage DNA from these clones was isolated 
and digested with EcoRl restriction endonuclease. The 
DNA inserts were subcloned into pUC19 vectors and their 
nucleotide sequences determined by dideoxy nucleotide 
sequencings . 
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B. Hybridization Identification of Clones Contain- 
ing Sequences Complementary to PCR-Positive 
Phage , 

Recombinant phage from the Xgtll subgenomic library 
5 were propagated in E. coli Y1080 and plated with E. coli 
Y1090 at a density of about 20,000 plagues/150 mm plate. 
The plates were overlaid with duplicate nitrocellulose 
filters, which were hybridized with a 32 P-labelled probe 
from one of the six human IFNr cDNA clones isolated 

10 above. Three clones giving positive hybridization sig^ 
nals were further screened and purified. The phage DNAs 
were isolated, digested with EcoRT, subcloned into pUC19 
vector and sequenced. The three clones yielded sequence 
information for over 800 bases relative to cap site 

15 (clones were sequenced in both orientations) . The nucle- 
ic acid sequence information is presented as SEQ ID NO:li 
and the predicted protein coding sequence is presented as 
SEQ ID NO: 12. Comparison of the predicted mature protein 
sequence (SEQ ID NO: 12) of this gene to the predicted 

2 0 protein .sequence of OvIFNt is shown in Figure 3. 



EXAMPLE 8 

Analysis of the Presence of 
HuIFNt mRNA bv RT-PCK 

25 Human placental cDNA libraries and an ovine cDNA 

library, constructed from day 15-16 conceptuses, were 
analyzed by hybridization to the OvIFNr cDNA probe, 
described above. cDNAs were size-fractionated on agarose 
gels and transferred to filters (Maniatis, et al . ; Saro- 

3 0 brook, et al . ) . Southern blot analysis with OvIFNr probe 
showed that the autoradiographic signals from human cDNA 
libraries were approximately 1/100 of the signal obtained 
using the OvIFNt cDNA library. 

The presence of HuIFNr mRNA in human term placenta 

35 and amniocytes (26 weeks, 2 million cells) was analyzed 
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by using reverse transcriptase-PCR (RT-PCR) method (Clon- 
tech Laboratories, Palo Alto CA) . 

Total cellular RNA (tcRNA) isolated from human 
placenta, amniocytes and ovine conceptuses were reverse 
5 transcribed using the primer SEQ ID NO: 14. The primer 
SEQ ID NO; 13 was then added to the reaction and polymer- 
ase chain reaction carried out for 4 0 cycles. The PCR 
products were size fractionated on agarose gels and 
transferred to filters. The DNA on the filters was 
10 hybridized with. 32 P-label led OvIFNr and HuIFNr cDNAs . * The 
results of these analyses demonstrate the presence of 
human IFNr mRNA in the f eto-placental annex. * The amino- 
cytes also expressed the messages corresponding to OvIFNr 
primers and human probe. 
15 In addition, a RT-PCR analysis for the presence of 

HuIFNr was applied to the tcRNA isolated from human adult 
lymphocytes. A densitometric analysis revealed that IFNr 
mRNA exists in lymphocytes. 

20 EXAMPLE 9 

In Situ Hybridization 

A. Tissue 

Slides of semiserial 5- M paraffin embedded sections 
from four healthy, different term and first trimester 
25 human placentas were examined. 



B* cRNA Probe Preparation 

From the cDNA clone isolated from OvIFNr amplified 
library a fragment corresponding to the OvIFNr cDNA bases 
#77-73 6 (base #1 is cap site; open reading frame of 
OvIFNr cDNA is base #81-665; Figure 7) was subcloned into 
the transcription vector, pBS (New England Biolabs) . 
Several pBS clones were isolated, subcloned, and their 
nucleotides sequenced. From this clona a 3' fragment 
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(bases #425-736) was excised using the restriction endo n - 
ucleases Nlaiv and EaoRi and subcloned into the tran- 
scription vector pBS. This vector was designated 
pBS/OvIFNT. 

After linearization of the pBS/OvIFNr plasmid, an 
antlSEnSe cRMA P robe ™* synthesized by in vitro tran- 
scription (Sambrook, et a,., 1989) using T? ^ A polymerase 
(Stratagene, . A trace amount of ^H-CTP (NEN-DuPont 
Cambridge, MA, was used in the transcription reaction. 
dUTP labeled with digoxigenin (Boehringer-Mannheim, 
Indianapolis, in, was incorporated into the cRNA and 
Yield was estimated through TCA precipitation and scin- 
tillation counting. 

15 \ C. Hvbridi7 a f-io. 

In situ hybridization was performed using the anti- 
sense rna probe, as described by Lawrence, et al. (1985) 
with the following modifications. Deparaf f inized and 
hydrated sections were prehybridized for 10 minutes at 
room temperature in phosphate buffered saline (PBS, 
containing 5 mM M gci 2 . Nucleic acids in the sections were 
denatured for io minutes at 65 *C in 50% formamide/2 x 
SSC. Sections were incubated overnight at 37-C with a 
hybridization cocktail (30 ,1/slideJ containing 0.3 „g /m i 
digox lge nin-labelled cKNA probe and then washed for 30 
minutes each at 37<>c in 50 formamide/1 x SSC. Final 
washes were performed for 3 0 minutes each at room temper 

ature mix SSC and 0 1 x qQr rm,« ^ 

«n« u.a x ssc . The sections were 

3o. t* s - minutes with °- s% Triton x - io ° < si ^> «- 

J u 0.5% non-fat dry mil3c. 

Hybridization signal was detected using purified 
sheep antidioxigenin Fab fragments conjugated to alkaline 
Phosphatase (Boehringer-Mannheim, . After unbound anti- 
body was removed, nitroblue tetrazclium/ 5 -bromo-4-chloro- 
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3 -indolyl -phosphate substrate (Promega) and levamisole 
(Bector Laboratories, Burlingame, CA) were added for 
signal detection via colorimetric substrate generation. 
The tissues were counterstained in methyl green (Sigma) , 
5 dehydrated, and mounted* 

As a control, some tissue sections were pretreated 
with 100 fig /ml of pancreatic RNaseA (Sigma) for 3 0 min- 
utes at 37 °C. The RNase was inactivated on the slide 
with 400 units of RNase inhibitor (Promega). The slides 
10 were then washed twice in 250 ml of PBS/5 mM MgCl 2 . in 
other control experiments, tRNA (Sigma) was substituted - 
for the digoxigenin probes. 

Specific hybridization was observed in all term and 
first trimester placental tissues in three separate 
15 experiments with various OvIFNt cRNA probe concentrations 
and blocking reagents. 

First trimester placental villi composed of an outer 
layer of syncytiotrophoblast, an underlying layer of 
cytotrophcblast, and a central stromal region with vari- 
2 0 ous types of mesenchymal cells, displayed the highest 
transcript level of ifNt in the cytotrophoblast cells. 
Less intense but detectable levels were present in both 
the syncytiotrophoblast and stromal cells. A similar 
pattern of transcript expression was demonstrated in the 
25 placental villi of term tissue but the level of signal 

detection was low. First trimester extravillous tropho- 
blast displayed the highest amount of message and stained 
positive when present in the maternal blood spaces. 



EXAMPLE 10 
Antiviral Activity of iFNr 
The relative specific activity of OvIFNr, purified 
to homogeneity, was evaluated in antiviral assays. The 
antiviral assays were performed essentially as described 
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above in Example 2. Specific activities are expressed in 
antiviral units/mg protein obtained from antiviral assays 
using either Madin-Darby bovine kidney (MDBK) cells or 
sheep normal fibroblasts (Shnf ) . All samples were as- 
sayed simultaneously to eliminate interassay variability. 
The results, presented in Table 3, are the means of four 
determinations where the standard deviation was less than 
10% of the mean. 
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Table 3 

Antiviral Acti vity or XFNr and Known 



IFNs 





OvIFWt 


2 x 10* 


3 x 10* 


xBoIFNa 


6 x 10 7 


1 x 10 7 


rBoIFNy 


4.5 X 10* 


3 x 10* 


NIH rHuIFNa 


2.2 x 10* 


2.2 x 10 B 


rHuIFNa 


2.9 x 10 5 


4.3 x 10 3 



IFNr had a higher specific activity than either 
rBolFNa or rBoIFN 7 (Table 3). The NIH standard prepara- 
tion of rHuIFNa had a similar specific activity, while a 
commercial preparation of rHuIFNa exhibited low specific 
antiviral activity. Comparable relative antiviral activ- 
ity was demonstrated using either bovine or ovine cells. 

EXAMPLE 11 

Anti-RetT-nviT- gi Activity and Pytotoyin 
Effects of TFNt 

Highly purified OvIFNr was tested for anti-retrovi- 
ral and ' cytotoxic effects on feline peripheral blood 
lymphocytes exposed to the feline immunodeficiency retro- 
virus. This lentivirus produces a chronic AIDS-iike 
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syndrome in cats and is a model for human AIDS (Pederson, 
et al., 1987). Replication of the virus in peripheral 
blood lymphocytes is monitored by reverse transcriptase 
activity in culture supernatants over time. The data 
5 from these assays are presented in Table 4. 

Table 4 

Effect of OvTFNr on FIV Replication 

10 " 







Experiment 1 


Harvest Da 


lyc 


Day 2 


Day 5 


Day 8 


Day 12 


Day 15 


0.00 


93,908 


363,042 


289,874 


171,185 


125,400 


0.62 


77,243 


179,842 


172,100 


218,281 


73,039 


1.25 


94,587 


101,873 


122,216 


71,916 


50,038 


2.50 


63,676 


72,320 


140,783 


75,001 


36,105 


5.00 


69,348 


82,928 


90,737 


49,546 


36,299 


Experiment 2 


3 


iarvast Da 




Day 2 


Day 5 


Day 8 


Day 13 


Day 17 


0.0 


210,569 


305,048 


279,556 


500,634 


611,542 


2.5 


121,082 


106,815 


108,882 


201,676 


195,356 


5.0 


223,975 


185,579 


108,114 


175,196 


173,881 


10.0 


167,425 


113,631 


125,131 


131,649 


129,364 


20.0 


204,879 


80,399 


59,458 


78,277 


72,179 


40.0 


133,768 


54,905 


31,606 


72,580 


53,493 



Addition of OvIFNt produced a rapid, dose-dependent 
3 0 decrease in reverse transcriptase (RT) activity (Table 
4). While concentrations as low as 0.62 ng/ml of IFNr 
inhibited viral replication, much higher concentrations 
(40 ng/ml)- having greater effects on RT-activity were 
without toxic effects on the cells. The results suggest 
35 that replication of- the feline immunodeficiency virus was 
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reduced significantly compared to control values when 
cells were cultured in the presence of OvIFNr. 

IFNr appeared to exert no cytotoxic effect on the 
cells hosting the retrovirus. This was true even when 
IFNt was present at 40 ng per ml of culture medium. 
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EXAMPLE 12 

Effects of IFNr on HTV Infected 
Human P eripheral Lymphocytes 

IFNr was also tested for activity against HIV infec- 
tion in human cells. Human peripheral blood lymphocytes, 
which had been infected with HIV (Crowe, et al.), were 
treated with varying concentrations of OvIFNr . . Replica- 
tion of HIV in peripheral blood lymphocytes was monitored 
by reverse transcriptase activity in culture supernatants 
over time. Reverse transcriptase activity was measured 
essentially by the method of Hoffman, et al. The data 
from these assays are presented in Table 5. 

Table 5 

Effect of OvTFNr on HTV Replication in 
Human Peripheral Lymphocytes 



Concentration 








0 


4,214 




25,994 




10 


2,046 


51 


9,883 


62 


50 


1,794 


57 


4,962 


81 


100 


1,770 


58 


3,012 


88 


500 


1,686 


60 


2,670 


90 


1000 


1,499 


64 


2,971 


89 



As shown in Table 5, concentrations of OvIFNr pro- 
duced significant antiviral effects • A concentration of 
only 10 ng/Vl resulted in over a 50% reduction in RT 



WO 94/10313 



PCI7US93/10016 



65 

activity after only six days. A concentration of 500 
ng/ml resulted in a 90% reduction in RT activity within 
10 days. 

The viability of human peripheral blood lymphocytes 
after treatment with IFNt , over a range of concentrations 
for 3-13 days, was evaluated by trypan blue exclusion 
The results of this viability analysis are presented in 
Table 6. 
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Table 6 

Effect of OvIFNr on Viability q-p u T V Tnfptpfa , 
Human Peripheral LvmnhQ^ytpc ■" 











1 0 


16.0 


7.5 


5.3 


10 


13.0 


7.5 


6.0 


50 


13.0 


11-5 


9.0 


100 


15.0 


8.5 


9.5 


500 


16.5 


12.0 


11.0 


1000 


21.9 


9.5 


8 -- 5 



The data presented in Table 6 show no evidence of 
cytotoxic effects attributable to the administration of 

EXAMPLE 13 
Inhibition of ppii uiar rsr-o^h 
The effects of IFNt on cellular growth were also 
examined. Anti-cellular growth activity was examined 
usxng a colony inhibition assay. Human amnion (WISH) or 
MDBK cells were plated at low cell densities to form 
colonies originating from single cells. cells were 
cultured at 200 or 400 cells/well in 24 well plates in 
HMEM supplemented with 2% fetal bovine serum (FBS) and 
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essential and nonessential amino acids. Various dilu- 
tions of interferons were added to triplicate w©i l <= - ? 

and 

the plates were incubated for 8 days to allow colony 
formation. Colonies were visualized after staining with 
5 crystal violet, and counted. Cell cycle analysis was 

performed with HMEM containing 0.5% "spent" media f or an 
additional 7 days. WISH cells were used without being 
synchronized. 

For examination of IFNt activity, cells were re- 
10 plated at 2.5 x io s cells/well in HMEM with 10% FBS in 6 
wel.1 plates. Various dilutions of IFNr alone or in 
combination with peptides were added to achieve a final 
volume of 1 ml. Plates were incubated at 37 °C in 5% Co 2 
for 12, 15, 18, 24, or 48 hours. Cells were treated with 
15 trypsin, collected by low speed centrifugation and 

washed. The cell pellet was blotted dry and 250 M l of 
nuclear staining solution (5 mg propidium iodide, 0.3 ml 
NP40 and o.i gm sodium citrate i 100 ml distilled H 2 0) was 
added to each tube. The tubes were incubated at room 
20 temperature. After 10 minutes, 250 fil of RNase (500 

units/ml in 1.12% sodium citrate) was added per tube and 
incubated an additional 20 minutes. Nuclei were filtered 
through 44 mesh, and analyzed on a FACStar (Becton 
Dickinson, Mountain View, CA) using, the DNA Star 2.0 
25 software. 

In the cellular growth assay using colony formation 
of both the bovine epithelial line, MDBK, and the human 
amniotic line, WISH, OvIFNt inhibited both colony size 
and number. Ovine IFNr was more effective than human 
IFNa on the human cell line; thus, it is very potent in 
cross-species activity. Its activity was dose-dependent, 
and inhibition of proliferation could be observed at 
concentrations as low as 1 unit/ml. Concentrations as 
high as 50,000 units/ml (units of antiviral activity/ml) 
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stopped proliferation, while cell viability was not 
impaired . 

Cell cycle analysis by flow cytometry with propidium 
iodide-stained WISH cells revealed an increased propor- 
5 tion of cells in G2/M after 48 hours of OvIFNr treatment. 
IFNr, therefore, appears to inhibit progress of cells 
through S phase. Ovine IFNr antiproliferative effects 
can be observed as early as 12 hours after the initiation 
of culture and are maintained through 6 days, 
10 The results presented above demonstrate . both the 

antiproliferative effect of IFNr as well as its low 
cytotoxicity . 

EXAMPLE 14 

15 Further Antiproliferative Effects of IFNt 

The antiproliferative effects of OvIFNt were studied 
for a rat cell line and a bovine cell line. The rate of 
3 H-thymidine incorporation was used to assess the rate of 
cellular proliferation* 

20 Rat (MtBr7 . c5) or bovine kidney (MDBK) cells were 

seeded in phenol red-free DME-F12 medium supplemented 
with 3% dextran-coated charcoal stripped Controlled 
Process Serum Replacement 2 (CPSR 2, Sigma) and 5% dex- 
tran-coated charcoal stripped fetal, bovine serum (FBS) - 

25 After attaching for approximately 15-18 hours, the cells 
were washed once with serum-free DME-F12 medium. The 
medium was replaced with phenol red-free DME— F12 medium 
supplemented with 3% stripped CPSR2 , 1% stripped FBS 
("3/1" medium) or 3/1 medium containing OvIFNr at various 

3 0 units of antiviral activity as determined in the vesicu- 
lar stomatitis virus challenge assay for interferons 
(Example 2). Media containing a similar dilution of 
buffer (undiluted buffer = 10 mM Tris, 33 0 mM NaCl, 
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[TS] ) , in which the OvIFNt was dissolved was used for 
controls • 

Cells were pulse labeled with 3 H-thymidine for 2 
hours at approximately 48 hours post-treatment- The 
5 trichloroacetic acid (TCA) precipitable incorporated 

counts were determined by scintillation counting. Three 
replicates were included per treatment. Mean values for 
OvIFNt treatments were compared to samples containing 
comparable dilutions of carrier TS buffer. Results of . 
10 these experiments are shown in Table 7. 

Table 7 
3 H-Thvmidine Incorporation 

15 







Experiment. \ 


is RtBr7 ,c5 <Rat) 


3/1 




10 3 u OvIFNr/ml 


0 (+12) 


1:5000 TS 




10 4 u OvIFNr/ml 


24 


1:500 TS 




10 3 u OvIFNr/ml 


87 


Experiment 2: KOBK 


3/1 




10 3 u OvIFNt /ml 


74 


l:50O0 TS 




10 4 u OvIFNr/ml 


83 


1:500 TS 




10 3 u OvIFNr/ml 


83 



As can be seen from Table 7 , OvIFNt drastically 
reduced the rate of cellular proliferation (based on 
3 5 thymidine incorporation) for each of the cell lines tested 
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EXAMPLE 15 

Antiprolif erative Effects of iFNr 
on Human Ti ^or Cell Lines 

The antiproliferative activity of OvIFNr on human 
5 tumor cell lines was evaluated by measuring the rate of 
3 H-thymidine incorporation into cells which have been 
treated with OvIFNr. 

For experiments on tumor lines that grow in suspen- 
sion, 1 ml of cells were plated at from 2.5 - 5 X 10 5 
10 cells/well in 24-well plates. Triplicate wells received 
either the appropriate media, 100 , 1,000 or 10,000 
units/ml of OvIFNr or equivalent antiviral concentrations 
of rHuIFNa2A (Lee Biomolecular) . After 48 hours of 
incubation, cells were counted and viability assessed by 
15 trypan blue exclusion. 

Adherent tumor lines were plated at 2.5 X 10 5 
cells/well in 1 ml in 6-well plates. They received 
interferon treatments as just described, but were tryp- 
sinized prior to counting. 
20 Significant differences between treatments were 

assessed by an analysis of variance followed by Scheffe's 
F-test. Cell cycle analysis was performed by flow cyto- 
metry using propidium iodide. 

25 A. Breast Adenocarcinoma Cells. 

Human MCF7 breast adenocarcinoma cells were seeded 
from logarithmically growing cultures in phenol red-free 
DME-F12 medium supplemented with 3% dextran-coated char- 
coal stripped CPSR and 5% dextran-coated FBS. After 
3 0 attaching for approximately 15-18 hours, the cells were 
washed once with serum-free DME-F12 medium. The medium 
was replaced with phenol red-free DME-F12 medium supple- 
mented with 3% stripped CPSR2, 1% stripped FBS ("3/1" 
medium) or 3/1 medium containing OvIFNr at the indicated 
3 5 number of units of antiviral activity as determined in 
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the vesicular stomatitis virus chal^nrro 

=» virus cnaiienge assay for int-e>. 
ferons. Media eontai n {«« • • , mter- 

containing a similar dilution of buffer 
(undiluted buffer _ io mM Tris, 330 mM NaCl [M]) " s 
used for controls. Cells were pulse labeled with 3^ 
tr~:/ 0r 2 3t -~««y « hours post- 

-ted P-cipitable incorpo- 

" ere dete "»ined by scintillation counting 
Three replicates were include* per treatment. HeaT 
value, for OvIF Hr treatments were compared to samples 
contaxnmg comparable dilutions or carrier TS buffed 
The results of these analyses are show in Table e. 

Table ft 
3 H-Thym i dine Tnp nrpnrat m 





1 MCP7 Human 1 


_. 




10 3 u OvIFNT/ml 


35 


l:5O00 TS 




10 4 u OvlFNT/ml 


53 


1:500 TS 




I0 3 u OvIFNT/ml 


— 2 = 



o t™ AS " e ^ the result * shown in Table 8 

OVZB-H, was able to substantially reduce the rate of *1 
thym.d.ne incorporation in the human carcinoma cell li ne 
This demonstrates the efficacy of ovi FNi in inhibiting 
tumor cell proliferation, in particular, mammary t^or 
cell proliferation. 
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B. Human Promvelocvtic Leukemia . 

A comparison of the antiproliferative effects of 
OvIFNt and IFNa was conducted using HL-60 (human leuke- 
mia) cells (Foa, et al , ; Todd, et al . ) essentially as 
5 described above for MDBK cells. Both OvIFNr and rHuIFNa 
inhibit HL-60 cell proliferation. Results of one of 
three replicate experiments aire presented as mean % 
growth reduction ± SD in Figure 4. Figure 4 shows that 
both OvIFNt and IFNa were able to drastically reduce 
10 growth of HL-60 cells. The growth reduction for each 

compound exceeded 60% for each concentration tested. At- 
10,000 units/ml, OvIFNt caused an approximately 80% 
reduction in growth while IFNa caused a 100% reduction in 
growth. 

15 However, the data presented in Figure 4 reveal, that 

a substantial factor in the ability of IFNa to reduce 
growth was its toxic effect on the cells. At 10,000 
units/ml, the toxicity of IFNa resulted in less than 25% 
of the cells remaining viable. By contrast, nearly 100% 

2 0 of the cells remained viable when OvIFNt was applied at 

10,000 units/ml. 

Figure 5 presents data demonstrating that rHuIFNa is 
cytotoxic. In the figure, results of one of three repli- 
cate experiments are presented as mean % viability ± SD. 

25 

C. Human Cutaneous T Cell Lymphoma. 

The cutaneous T cell lymphoma, HUT 78, responded 
similarly to HL-60 when treated with IFNr (Figure 9) . 
Both OvIFNt and rHuIFNa reduce HUT 78 cell growth, but 

3 0 10,000 units/ml of rHuIFNa decreased the cell number 

below that originally plated (5X10 5 ) . This is indicative 
of a reduction in cell viability to approximately 60%. 

Cell cycle analysis (performed by cell flow cytome- 
try) revealed an increased proportion of cells in G2/M 
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phase of the cell cycle upon 48 hours of treatment with 
both interferons (Table 10). in Table 10 the results 
from one of three replicate experiments are presented as 
the percentage of cells in each phase of the cell cycle. 
10,000 events were analyzed per sample. 

This result is likely due to the slower progress of 
cells through the cell cycle. m the sample treated with 
10,000 units/ml of rHuIFNa, a large percentage of events 
with low forward and high side scatter, identifying dead 
cells, were present. This is consistent with the data 
obtained from proliferation experiments, where only 
OvlFNr inhibited HUT 78 proliferation without toxicity. 



Table 10. HUT 78 Cell Cycle Analysis. 



20 



b.Treatmeiib* ifuilit s /ml) v 




$ O'^g ':':T. : •y'^i'-' jyij: 


>:x^-7 : /" 

^v^~g2/m : - 


Media 


44.43 


49.95 


5.61 


100 OvIFNt 


44.35 


47.45 


8.20 


100 rHuIFNa 


40.01 


57.53 


2.45 


l f 000 OvIFNt 


41.29 


50.50 


8.21 


1,000 rHuIFNa 


41.73 


44.91 


13.36 


10,000 OvIFNt 


42.79 


42.61 


14.60 


10,000 rHuIFNa 


18.01 


71,31 


10.67 j 
(cell death) j 



D- Human T cell Lymphoma. 

The T cell lymphoma cell line H9 was slightly less 
sensitive to the antiproliferative effects of the IFNs 
than the tumor cell lines described above. Results of 
one of three replicate experiments are presented in 
Figure 10 as mean % growth reduction ± SD. While rHulFNe 
was not toxic to the H9 cells, it failed to inhibit cell 
division significantly at any of the concentrations 
examined. In contrast , OvIFNt was observed to reduce H9 
growth by approximately 60% (Figure 10) . Thus, only 
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OvIFNr is an effective growth inhibitor of this T cell 
lymphoma . 

The results presented above demonstrate both 
5 the antiproliferative effect of IFNt as well as its low 
cytotoxicity. 

EXAMPLE 16 

Preliminary In Vivo Treatment with OvIFNr - 
10 Three groups of 4 C57B1/6 mice per group were given 

2.5 X 10 4 B16-F10 cells via the tail vein: B16-F10 is a 
syngeneic mouse transplantable tumor selected because of 
its high incidence of pulmonary metastases (Poste, et 
al., 1981) • Interferon treatment was initiated 3 days 
15 after the introduction of the tumor cells. Each mouse 
received 100 /il of either PBS alone, PBS containing 1 X 
10 5 units of OvIFNr , or PBS containing 1 X 10 5 units of 
recombinant murine IFNor (MuIFNa) , i.v. per day for 3 
consecutive days . 
20 Mice were sacrificed at 21 days and the lungs were 

preserved in 10% buffered formalin. The frequency of 
pulmonary metastases were compared between control mice 
(PBS) , OvIFNr -treated mice, and MuIFNa-treated mice. The 
results of these in vivo administrations demonstrated 
25 that OvIFNr dramatically reduced B16-F10 pulmonary tu- 
mors. These results support the use of IFNr as an effi- 
cacious antineoplastic agent in vivo. 

EXAMPLE 17 

3 ° Competi tive Binding of IFNr Peptide Fragments 

A. The Ability of IFNr-Based Peptides to Block 
IFNr and IFN-or Antiviral Activity, 

Overlapping synthetic peptides were synthesized 

corresponding to the entire IFNr sequence (Figure 6) . 

3 5 Average hydrops thicity values were calculated by taking 
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the sum of the hydropathy values for each amino acid 
divided by the total number of amino acids in each se- 
quence. Hydropathy values were taken from Kyte, et al . 
(1982). 

5 These peptides were of approximately the same molec- 

ular weight but differed slightly in overall hydrophili- 
city. Despite this difference, all peptides were anti- 
genic as demonstrated by the production of rabbit anti- 
sera with titers greater than 1:3,000 as assessed by 

10 ELISA (Harlow, et al*). 

The peptides were used to inhibit the antiviral 
activity (Example 2) of OvIFNr and rBoIFNa . The results 
of this analysis are presented in Figure 12: 1 mM N- and 
C-terminal peptides both effectively blocked the antivi- 

15 ral activity of OvIFNr using MDBK cells. A third pep- 
tide, representing amino acids 62-92, also reduced IFNr 
antiviral activity (70% inhibition) . The peptide OvIFNr 
(119-15 0) showed minimal inhibitory activity. The OvIFNr 
(34-64) and (9 0-122) peptides had no apparent inhibitory 

2 0 activity. 

Peptide inhibition of OvIFNr antiviral activity was 
also examined as follows. Monolayers of Madin Darby 
bovine kidney cells were incubated with 40 units/ml 
OvIFNr in the presence or absence o_f various concentra- 
25 tions of OvIFNr peptides (see Figure 13). Results in 

Figure 13 are expressed as the percent of control antivi- 
ral activity: that is, in the absence of any competing 
peptide. Data presented are the means of 6 replicate 
experiments. The data demonstrate that inhibition by 
30 OvIFNr (1-37), (62-92), (119-150), and (139-172) were 

significantly different than OvIFNr (34-64) and (90-122) 
at 10- 3 M and 3 x 10" 3 M. OvIFNr (139-172) was signifi- 
cantly different than all other peptides at 10' 3 M. Sig- 
nificance was assessed by analysis of variance followed 
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by Scheffe's F test at p < 0.05. Thus, OvIFNt (1-37) 
(62-92), (119-150), and (139-172), in particular (139- 
172), may represent receptor binding regions for IFNr . 

The ability of the OvIFNt peptides to inhibit bovine 
5 I FN or (BoIFNa) antiviral activity was examined as follows. 
Monolayers of Madin Darby bovine kidney cells were incu- 
bated with 40 units/ml bovine IFNa in the presence or 
absence of various concentrations of OvIFNt peptides. 
The results are presented in Figure 14 and are expressed 
10 as the percent of control antiviral activity in the 

absence of OvIFNt peptides. The data presented are the 
means of 4 replicate experiments. The results indicate 
that inhibition by OvIFNt (62-92), (119-150), and (139- 
172) were significantly different from OvIFNt (1-37), 
15 (34-64) and (90-122) at 10" 3 M. OvIFNt (139-172) was 

significantly different than OvIFNt (1-37) , (34-64) and 
(90-122) at 3 x 10" 3 M. Significance was assessed by 
analysis of variance followed by Scheffe's F test at p < 
0.05. Thus, OvIFNt (62-92), (119-150), and (139-172), in 
20 particular (139-172), may represent common receptor 
binding regions for IFNt and bovine IFNa. 

Peptide inhibition by OvIFNt peptides of human IFNcr 
antiviral activity was also examined. Monolayers of 
Madin Darby bovine kidney cells were incubated with 40 
25 units/ml human IFNa in the presence or absence of various 
concentrations of OvIFNt peptides. The results are 
expressed as the percent of control antiviral activity in 
the absence of OvIFNt peptides. The data are presented 
in Figure 15 and are the means of 3 replicate experi- 
3 0 ments. OvIFNt (13 9-172) was significantly different from 
all other peptides at 10* 3 M. Significance was assessed 
by analysis of variance followed by Scheffe's F test at p 
< 0.05, Thus, OvIFNt (139-172) may represent a common 
receptor binding region for IFNt and various IFNa(s). 
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The oviFNr peptides described above appear to have 
no effect on the antiviral activity of IFN 7 . Peptide 
inhibition of bovine IFNy antiviral activity was evaluat- 
ed as follows. Monolayers of Madin Darby bovine kidney 
cells were incubated with 40 units/ml bovine I FN gamma in 
the presence or absence of various concentrations of 
OvIFNt peptides. Results are expressed as the percent of 
control antiviral activity in the absence of OvIFNt 
peptides. The data are presented in Figure 16 and are 
the means of 3 replicate experiments. There were no 
significant differences among peptides as assessed by 
analysis of variance followed by Scheffe's F test at p < 
0.05. 

The two synthetic peptides OvIFNt (1-37) and 
OvIFNt (139-172) also blocked OvIFNt anti-FIV and anti-HIV 
activity. Reverse transcriptase (RT) activity (Examples 
12 and 13) was monitored over a 14 day period in FIV- 
infected FET-1 cells (1 x loVml) and HIV-infected HPBL (l 
X 10 s /ml) . Control cultures received no OvIFNt . OvIFNt 
was used at 100 ng/ml, and peptides were used at 200 /zK. 
Data from a representative experiment are expressed as 
cpm/ml culture supernatant and are presented for FIV 
infected cells, Figure iia, and HIV infected cells, 
Figure llB. Both the N- and C-terminus of OvIFNt appear 
to be involved in its anti-retroviral activity. While 
both peptides blocked FIV RT activity, only the C-termi- 
nal peptide, OvIFNt (139-172) , was an efficient inhibitor 
of vesicular stomatitis virus activity on the feline cell 
line, Fc9. Thus the C-terminal regions of type I IFNs 
may bind to common site on the type I I FN receptor, while 
the N-terminal region may be involved in the elicitation 
of unique functions. 
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each of the ovXFHr peptides described above i» ! 

0, the date fro. duplicate events 'aTpre lllT^ 

the mean percent inhibition of OvIFKr antiviral actl„^ 
produced by antipeptide 

priate pre^une sera ± standard error, significant 
differences were assessed by analysis of varia lot T, • 
loved by Scheffe's F test a t n < n n , ™"ance fol- 

pe Ptide inhibition of ^^j^^r-^r 1 th 

ing antibodies i^unoreactive to Ch^,^™ °£ 

txve inhibitors of OvI^r antiviral activity wLh a"' 
bodies directed against the N -ter*inal and C^Lal 
peptides being the most efficacious. ^ 

on the^T" WErG alS ° USed t0 eXaffiine t^eir effect 

on the bxndmg of iFNr to its receptor. 
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The IFNr binding assay „ as carried out as follows 

o* ».x (i» »cx/„, to ersha,n Corporation, Arlington 

eTpT; 4 IL) ^ 25 ^ ~ °-= " Phosp h «e buff- 

et af " " ° f """-i—T (3 „g /n l, (Griggs , 

protein was 137 uci/uo >.■ .,• ""mated 

Of MDBK cells were^ed ITJ 9 aSSayS ' »° n °^ers 

ki„-v - 01 Paraformaldehyde and 

~ 5% n0 «" -U». ceils were incubated 
with 5 n« -z-xfk, in phosphate bufferefl sallne w . th £ 
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BSA for 2 hours at 4-C in the presence or absence of a 
1:30 dilution of sera containing antibodies raised 
against IFNr peptides or the appropriate preimmune sera. 
Specific binding was assessed by incubation with a 100- 
fold molar excess of unlabeled IFNr. Specific binding of 
3 6% was determined by competition with 500 nM unlabeled 
IFNt. For example, total counts bound were 6850 ± 133, 
and a 100-fold molar excess of OvIFNt produced 4398 ± 158 
counts per minute. After incubation, the monolayers were 
washed three times, solubilized with 1% sodium dodecyl 
sulfate, and the radioactivity counted. Data from three 
replicate experiments are presented in Figure 18 as the 
mean percent reduction of OvIFNt specific binding pro- 
duced by antipeptide antisera relative to the appropriate 
15 preimmune sera ± standard deviation. Significant differ- 
ences were assessed by analysis of variance followed by 
Scheffe's F test. 

The same sera (containing antibodies immunoreactive 
to OVIFNT (1-37), OVIFNT (62-92), and OvIFNt (139-172)) 
were the most effective inhibitors of I2i l-lFNr binding to 
its receptor on MDBK cells. The lack of effect of sera 
immunoreactive with other IFNT-derived peptides was not a 
function of titer against OvIFNt, since each sera had 
equal or greater titer to their respective peptide rela- 
tive to the three inhibiting sera: similar results were 
obtained when sera reactivity against the whole OvIFNt 
molecule was assessed by ELISA for each sera. 

These peptides, although apparently binding to the 
interferon receptor, did not in and of themselves elicit 
3 0 interferon- like effects in the cells. 
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c ' Anti-Prolif erative Activity. 

Functionally important sites for the antiprolifera- 
tive activity of IFNt were also examined using synthetic 
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peptides (Table 11) . Cellular proliferation was assayed 
as described above using MDBK cells. MDBK cells were 
cultured at 5 x io 5 cells/well in experiments l and 2 or 
10 x io 5 cells in experiment 3 and treated with medium 
5 alone, IFNt at a concentration of 3 00 units /ml and pep- 
tides at 1 mM for 4 8 hours. Duplicate wells were counted 
in each of three replicate experiments. For statistical 
analysis, data were normalized based on medium alone and 
assessed by analysis of variance followed by Least Sig- 
10 nificant Difference multiplate comparison test (p > 
0.05). 

Table n 

Pe ptide Inhibition of IFNt Antiproliferative Activity 

15 
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Med inn alone 


9.8x10 s 


99% 


13.0X10* 


96X 


27.3x10* 


97% 


IFNT 


5.0X10* 


98% 


5.6X10 6 


97% 


8.3x10* 


97% 


IFNT+IFNTO-37) 


6.3x10 s 


100% 


10.6X1O* 


9SX 


13.4X10* 


100% 


IFNT+IfNT(34-64) 


5.3X10 6 


96X 


6.9X10° 


95% 


16.0X10° 


98% 


1FNt+IFKT<62-92) 


6.5X10* 


97% 


9.2x10 s 


932! 


8.9x10* 


96% 


IFHT+IFMT(90-122> 


5.9x10* 


10 OX 


11.0x10* 


97% 


19.6x10* 


98% 


IFNT+IFNTC119-150) 


8-AX10 6 


100% 


13.2X10* 


96X 


31.8X10* 


90% 


IFNt+IFNt(139-172) 


5.1*10 5 


100% 


12.7x10* 


98% 


18.9x10 s 


98% 



When proliferation of MDBK cells was monitored over 
a two-day period, cell number increased roughly 2-fold 
with greater than 95% viability. Addition of 300 
30 units/ml of OvIFNr entirely eliminated cell proliferation 
without a decrease in cell viability. Ovine IFNr (119- 
150) was the most effective inhibitor of IFNr antiproli- 
ferative activity. 

Antisera to IFNr (119-150) , which inhibited binding 
35 of OvIFNr to receptor, also reversed the OvIFNt antipro- 
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liferative effect. Several other peptides, notably ifnt *4 
(139-172) , reversed the OvIFNr antiproliferative effect^ ^ 
but to a lesser extent. ' 



10 



15 



EXAMPLE 18 
Further Analysis 
of the Cellular and Anti-Viral Effects of ifwt 
A- HTV Anti-Viral Effects - . 

The antiviral effects of IFNt against HIV were 
evaluated by treating human PBMC cells with various 
amounts of either recombinant ovine IFNt (r-OvIFNr) or 
recombinant human IFNa 2 at the time of infection with HIV. 
Drug was present throughout the experiment. At day 7 and 
day 14, p24 production was determined (by ELISA (Wang, et 
al«, 1988, 1989) and compared to a zero drug control. 
The results of this analysis are presented in Table 12. 



20 



Table 12 



25 







>::inhib'it:ioh:} : i- 








10 


26 


58%, 48% 
48%, 45% 


91%, 91% 
88%, 59% 


100 


260 


68%, 74% 
58%, 51% 


94%, 91% 
82%, 70% 


1,000 


2,600 


89%, 86% 
65%, 68% 


97%, 93% 
87%, 79% 


10,000 


26,000 
260,000 


90%, 86% 
77%, 85% 
85%, 84% 


99%, 99% 
77%, 96% 
96%, 86% 



30 



The data from these experiments support the conclu- 
sion that, at relatively low concentrations, iFNa and 
IFNt are effective in reducing the replication of HIV in 
human lymphocytes . 
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B. In vitm Cytotoxic itv Test: in PBMC's 
Human PBMC's were seeded at 5 x 10 5 cells/ml. Cells 
were stimulated at day 0 with 3 pg/ml PHA. Cells were 
treated with recombinant human IFNa2A (at concentrations 
5 of 10, 100, 1,000 and 10,000 units/ml) and IFNr (at 

concentrations of 2,6, 26, 260, 2,600, 26,000, 260,000, 
and 2,600,000 units/ml) in 200 /il/wells (4 replicates of 
each concentration using 96 well flat bottom plates) . 
Control cultures were given no interferons. After 4 days 
10 of incubation, cells were pulsed for 9 hours using 3 H- 
thymidine at 1 uCi/well. The cells were harvested and 
the incorporation of labeled thymidine into DNA was 
determined (Figure 8) • 

No cytotoxicity was observed by measuring the uptake 
15 of thymidine at any concentration of IFNr. However, 
rHuIFNa2 was toxic to cells at 1,000 units/ml. 

In a second experiment, the same human PBMC's were 
treated with either IFNr or human IFNoc2A at concentra- 
tions of 100 units/ml or 10,000 units /ml. After 3 days 
20 or 8 days of incubation, viable cells were counted by 
flow cytometry. The results of this analysis are pre- 
sented in Table 13. 

TABLE 13 



%M S :.^r eai^entV: ;■ ' - : >; j 




No Treatment 


735 


840 


INFr 100 units/ml 
IFNr 10,000 
units /ml 


745 
695 


860 
910 


IFNa 10 0 units/ml 
IFNa 10,000 
units/ml 


635 
680 


750 
495 
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No cytotoxicity was observed in the cells treated 
wxth IFNr. However, there was 10% cell death in IFNa 
treated cells at Day 3 and 49% cell death at Day 8. 

The cell line used, HepG2-T14, is a human cell that 
was derived from liver cells transacted with Hepatitis B 
Virus (HBV) . The cell line semi-stably produces HBV 

10 virus: over time the cell line's production of HBV 

intracellular DNA and secreted virus decreases. m order 
to maximize production of HBV DNA and virus, the cells ' 
are pre-treated with deAZA-C (5-a 2 acytidine; Miyoshi, et 
al.) to induce production of the virus. Treatment was 

15 for 2-3 days and the amount of induction was about a 
factor of two. 

The cells were then treated with either the IFNa and 
IFNr at levels of 0, 5,000, 10,000, 20 ,000 and 40,000 
units per ml. 



20 



All- levels of either IFNa or IFNr reduced DNA pro- 
duction by about a factor of 2 compared to the no drug 
control . 

Production m Ho patocvtPg * 

The hepatocyte cell line HepG2-T14 (described- above) 
was examined for the effects of IFNa and IFNr on hepato- 
specific mRNA production. Cells were incubated in con- 
centrations of IFNa or IFNr at 0, 5,000, 10,000, 20,000 
30 and 40,000 units per ml. The messenger RNAs for the ' 
hepatocyte specific proteins Apo E and Apo Al were de- 
tected by hybridization analysis (Sambrook, et al • 
Maniatis, et al.) using probes specific for these two 
aRNA's (Shoulders, et al., and Wallis, et al . ) . 



WO 94/10313 



PCT/US93/10016 



83 

No reduction of mRNA production was seen for Apo E 
or Apo Al mRNA production with up to 40,000 units of 
either IFNa or IFNt . This result suggests that the 
reduction of viral DNA replication in previous experi- 
5 ments was not due to the effects of IFNs on cellular 

house-keeping activities; rather the reduction was likely 
due to specific inhibition of viral replication in the 
host cells. 

10 EXAMPLE 19 

Isolation of Interferon— r Fusion Protein 
Sepharose 4B beads conjugated with anti-beta galac- 
tosidase is purchased from Promega. The beads are packed 
in 2 ml column and washed successively with phosphate-- 
15 buffered saline with 0.02% sodium azide and 10 ml TX 
buffer (10 mM Tris buffer, pH 7.4, 1% aprotinin) . 

The IFNt coding sequence (e.gr., Figure 7) is cloned 
into the polylinker site of lambda gtll. The IFNt coding 
sequence is placed in-frame with the amino terminal /?- 
20 galactosidase coding sequences in lambda gtll. Lysogens 
infected with gtll/IFNr are used to inoculate 500 ml of 
NZYDT broth. The culture is incubated at 32 °C with 
aeration to an O.D. of about 0.2 to 0.4, then brought to 
43 °C quickly in a 43 °C water bath for 15 minutes to 

2 5 induce gtll peptide synthesis, and incubated further at 

37 °C for 1 hour. The cells are pelleted by centrifuga- 
tion, suspended in 10 ml of lysis buffer (10 mM Tris, pH 
7.4 containing 2% "TRITON X-100" and 1% aprotinin added 
just before use. 

3 0 The resuspended cells are frozen in liquid nitrogen 

then thawed, resulting in substantially complete cell 
lysis. The lysate is treated with DNasel to digest 
bacterial and phage DNA, as evidenced by a gradual loss 
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of viscosity in the lysate. Non-solubilized material is 
removed by centrif ligation . 

The clarified lysate material is loaded on the 
Sepharose column, the ends of the column closed, and the 
5 column placed on a rotary shaker for 2 hrs. at room 

temperature and 16 hours at 4°c. After the column set- 
tles, it is washed with 10 ml of TX buffer. The fused 
protein is eluted with 0.1 M carbonate/bicarbonate buff- 
er, pHlO. Typically, 14 ml of the elution buffer is 
10 passed through the column, and the fusion protein is 
eluted in the first 4-6 ml of eluate. 

The eluate containing the fusion protein is concen- 
trated in "CENTRICON-30" cartridges (Amicon, Danvers, 
Mass.). The final protein concentrate is resuspended in, 
15 for example, 400 „1 PBS buffer. Protein purity is ana- 
lyzed by SDS-PAGE. 

For polyclonal antibodies, the purified fused pro- 
tein is injected subcutaneous ly in Freund's adjuvant in a 
rabbit. Approximately l rag of fused protein is injected 
2 0 at days 0 and 21, and rabbit serum is typically collected 
at 6 and 8 weeks. 



EXAMPLE 20 

Preparat ion of Anti— IFNt Antibody 

A * Expression of G1 utathione-s-Transf erase F , 1g i nn 
Proteins. 

The IFNt coding sequence (e.g., Figure 7) is cloned 
into the pGEX vector (Boyer, et al . ; Frangioni, et al . ; 
Guan, et al . ; Hakes, et al . ; Smith, et al . , 1988). The 
pGEX vector (Smith, et a2 . ) was modified by insertion of 
a thrombin cleavage sequence in-frame with the glutathi- 
one-S-transferase protein (GST — sj26 coding sequence). 
This vector is designated pGEXthr. The IFNt coding 
sequence is placed in-frame with the sj26-thrombin coding 
sequences (Guan, et al . ; Hakes, et al.). The IFNt coding 
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sequence insert can be generated by the polymerase chain 
reaction using PCR primers specific for the insert. 

The IFNr fragment is ligated to the linearized 
pGEXthr vector. The ligation mixture is transformed into 
5 E. coll and ampicillin resistant colonies are selected. 
Plasmids are isolated from the ampicillin resistant 
colonies and analyzed by restriction enzyme digestion to 
identify clones containing the IFNr insert (vector desig- 
nated pGEXthr-IFNr) . 

10 E. coll strain XL-I Blue is transformed with 

pGEXthr-IFNr and is grown at 37 °C overnight. DNA is 
prepared from randomly-picked colonies. The presence of 
the insert coding sequence is typically confirmed by (i) 
restriction digest mapping, (ii) hybridization screening 

15 using labelled IFNr probes (i.e., Southern analysis), or 
(iii) direct DNA sequence analysis. 

B. Partial Purification of Fusion Proteins , 
A pGEXthr-IFNr clone is grown overnight. The over- 
20 night culture is diluted 1:10 with LB medium containing 
ampicillin and grown for one hour at 3 7 °c. Alternative- 
ly, the overnight culture is diluted 1:100 and grovrc to 
OD of 0.5-1.0 before addition of IPTG (isopropylthio-£- 
galactoside) . IPTG (GIBCO-BRL, Gaithersburg MD) is added 
25 to a final concentration of 0.2-0.5 mM for the induction 
of protein expression and the incubation is typically 
continued for 2-5 hours, preferably 3.5 hours. 

Bacterial cells are harvested by centrif ugation and 
resuspended in 1/100 culture volume of MTPBS (150 mM 
30 NaCl, 16 mM Na 2 HP0 4 , 4 mM NaH 2 P0 4 ) . Cells are lysed by 

lysozyme, sonication or French press, and lysates cleared 
of cellular debris by centrif ugation. 

An aliquot of the supernatant obtained from IPTG- 
induced cultures of pGEXthr-IFNr -containing cells and an 
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aliquot of the supernatant obtained from IPTG- induced 
cultures of pGEXthr-vector alone are analyzed by SDS- 
polyacrylamide gel electrophoresis followed by Western 
blotting, as described below* 
5 If necessary, the extracts can be concentrated by 

ultrafiltration using, for example, a "CENTRICON 10" 
filter. 

Alternatively, the fusion proteins are partially 
purified over a glutathione agarose affinity column as 
10 described in detail by Smith, et al ♦ In this method, loo 
ml cultures are grown overnight. The cultures are dilut- 
ed to 1 liter, and the cells grown another hour at 3 7 °C. 
Expression of the fusion proteins is induced using IPTG. 
The induced cultures are grown at 37 °C for 3.5 hours.* 
15 Cells are harvested and a sonicator used to lyse the 

cells. Cellular debris is pelleted and the clear lysate 
loaded onto a glutathione "SEPHAROSE" column. The column 
is washed with several column volumes. The fusion pro- 
tein is eluted from the affinity column with reduced 
20 glutathione and dialyzed. The IFNr can be liberated fron 
the hybrid protein by treatment with thrombin. The sj26 
and IFNr fragments of the hybrid protein can then be 
separated by size fractionation over columns or on gels. 
Alternatively, the IFNr portion of the hybrid pro- 
25 tein is released from the column by treatment with throm- 
bin (Guan, et al . ; Hakes, et al.). 

C. Antibodies Against the Fusion Protein, 
The purified Sj26/IFNr fused protein is injected 
3 0 subcutaneous ly in Freund's adjuvant in a rabbit. Approx- 
imately 1 mg of fused protein is injected at days 0 and 
21, and rabbit serum is typically collected at 6 and 8 
weeks. A second rabbit is similarly immunized with 
purified Sj26 protein obtained from control bacterial 
35 lysate. 
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Minilysates from the following bacterial cultures 
are prepared: (l) KM392 cells infected with pGEXthr and 
pGEXthr containing the IFNt insert; and (2) cells infect- 
ed with lambda gtll containing the IFNt insert. The 
minilysates and a commercial source /3-galactosidase are 
fractionated by SDS-PAGE, and the bands transferred to 
nitrocellulose filters for Western blotting (Sambrook, et 
al . ; Ausubel, et al . ) . 

Summarizing the expected results, serum from control 
(Sj26) rabbits is immunoreactive with each of the Sj.2 6 
and Sj26 fused protein antigens. Serum from the animal 
immunized with Sj26/IFNr fused protein is reactive with 
a11 Sj-26 and beta-gal fusion proteins containing IFNt 
coding sequences, indicating the presence of specific 
immunoreaction with the IFNr antigen. None of the sera 
are expected to be immunoreactive with beta-galactosi- 
dase. 

Anti-IFNr antibody present in the sera from the ani- 
mal immunized with the Sj26/lFNr is purified by affinity 
chromatography (using immobilized recombinantly produced 
IFNr as ligand, essentially as described above in Example 
12 for the anti-beta-galactosidase antibody) . 

While the invention has been described with refer- 
ence to specific methods and embodiments, it will be 
appreciated that various modifications and changes may be 
made without departing from the invention. 
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SEQUENCE LIS^TTJg 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Onivereity of Florida 

The Women's Research Institute 

(ii) TITLE OF INVENTION: Interferon Tau Compositions and 
Methods of Use 

(iii) NUMBER OF SEQUENCES: 20 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Law Offices of Peter J. Dehlinger 

(B) STREET: 350 Cambridge Ave., Suite 300 

(C) CITY : Palo Alto 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 94306 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

<D) SOFTWARE: Patent In Release #1.0, Version #1.25 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/969,890 

(B) FILING DATE: 30-OCT-1992 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Fabian, Gary R. 

(B) REGISTRATION NUMBER: 33,875 

(C) REFERENCE /DOCKET NUMBER: 5600-0001.41 



(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 415-324-0880 
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(B) TELEFAX: 415-324-0960 
(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 518 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
<D) TOPOLOGY: circular 



(ii) MOLECULE TYPE: DNA 
(iii) HYPOTHETICAL! NO 
15 (iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Ovis aries 

(B) STRAIN: Domestic 

20 < D > DEVELOPMENTAL STAGE: Blastula (blastocyst) 

(F) TISSUE TYPE: Trophectoderm 

<G) CELL TYPE: Mononuclear trophectoderm cells 

(vii) IMMEDIATE SOURCE: 
25 (B) CLONE: oTP-la 

(viii) POSITION IN GENOME: 
(C) UNITS: bp 

30 (ix) FEATURE : 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..518 

(x) PUBLICATION INFORMATION: 
35 (A) AUTHORS: Ott, Troy L 

Van Heeke, Gino 
Johnson, Howard M 
Bazer, Fuller W 
(B) TITLE: Cloning and Expression in Saccharomyces 
40 cerevisiae of a Synthetic Gene for the Type I 

Trophoblast Interferon Ovine Trophoblast 
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(D) VOLUME: 11 

(F) PAGES: 357-364 

(G) DATE: 1991 

(K, RELEVANT RESIOOES IN SEQ. ID NO: a: F *o„ a TO 518 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

=========5=sr== = 

10 15 

CTG CTG GAC CGT ATG AAT CGA TTG TCT CCG CAr- »^ 

Leu Leu Asp Arg Met Asn ^ T I ° TGC CTG GAC 

^ A 8n Arg leu S« P ro His Ser Cys Leu Gin Aop 

25 30 

====5==r=r== ==== 

40 45 

CAA AAA GAC CAA GCT TTC ccr r-T* - 

em Lys Asp G1 „ Ala P h e ^ 1 T ^ ^ ^ C *** T ^ 

25 so r ° Val Leu G1 « Met Leu Gin Gin Ser 

55 60 

z z: ™ ™ s s h cat r tcg gcc gct igg - « - 

^ Tyr T hr Giu Hl . SeJr fier ^ ^ ^ ^ ^ ^ 

30 7 ° 75 80 

SI = - ^ = - = « = Z ™ « - « - - 



20 



85 



35 



= = = = .» = ."• s z = = = ••; = = 



105 110 



«> r " ~ ~ £ r ™ r r ~ itc « « « « 

lie Val Thr Val Lye L yfl ^ r Phe Gln Qly ^ ^ 



48 



96 



144 



192 



240 



2SI 



336 



384 



120 125 
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GAC TAG CTG CAG GAA AAA GGT TAG TCT GAC TGC GCT TGG GAA ATC GTA 
Asp Tyr Leu Gin Glu Lys Gly Tyr Ser Asp eye Ala Trp Glu lie Val 



135 



140 



5 CGC GTT GAA ATG ATG CGG GCC CTG ACT GTG TCG ACT ACT CTG CAA AAA 

Arg Val Glu Met Met Arg Ala Leu Thr Val Ser Thr Thr Leu Gin Lys 

145 ISO ice 

155 160 



CGG TTA ACT AAA ATG GGT GGT GAC CTG AAT TCT CCG 
10 Arg Leu Thr Lys Met Gly Gly Asp Leu Asn Ser Pro 

165 a70 



15 



20 



25 



(2) INFORMATION FOR SEQ ID NO:2t 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 172 amino acids 

(B) TYPE: amino acid 
(D) topology: linear 

(ii) MOLECULE TYPE: protein 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO; 2: 
Cye Tyr Leu Ser Arg Lye Leu Met Leu Asp Ala 



Asp Ala Arg Glu Asn Leu Lys 

1 

Leu Leu Asp Arg Met Asn Arg Leu Ser Pro His Ser Cys Leu Gin Asp 



25 



30 



Arg Lys Asp Phe Gly Leu Pro Gin Glu Met Val Glu Gly Asp Gin Leu 
3 * 40 45 

35 Gin Lys Asp Gin Ala Phe Pro Val Leu Tyr Glu Met Leu Gin Gin Ser 
50 55 60 



Phe Asn Leu Phe Tyr Thr Glu His Ser Ser Ala Ala Trp Asp Thr 



40 



65 70 75 



Thr 
80 



432 



480 



518 
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Leu Leu Glu Gin Leu Cye Thr Gly Leu Gin Gin Gin Leu Asp His Leu 
-85 90 g5 

Asp Thr Cys Arg Gly Gin Val Met Gly Glu Glu Asp Ser Glu Leu Gly 
5 100 105 110 

Asn Met Asp Pro He Val Thr Val Lys Lye Tyr Phe Gin Gly He Tyr 
"5 120 125 

10 Asp Tyr Leu Gin Glu Lys Gly Tyr Ser Asp Cys Ala Trp Glu He Val 
130 135 140 

Arg Val Glu Met Met Arg Ala Leu Thr Val Ser Thr Thr Leu Gin Lys 
145 15 ° 155 160 



15 



Arg Leu Thr Lys Met Gly Gly Asp Leu Asn Ser Pro 
165 170 



20 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 516 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

TGTGACTTGT CTCAAAACCA CGTTTTGGTT GGTAGAAAGA ACTTAAGACT ACTAGACGAA 
ATGAGACGTC TATCTCCACA CTTCTGTCTA CAAGACAGAA AGGACTTCGC TTTGCCTCAG 

3 5 

GAAATGGTTG AAGGTGGCCA ACTACAAGAA GCTCAAGCGA TATCTGTTTT GCACGAAATG 
TTGCAACAAA GCTTCAACTT GTTCCACACC GAACACTCTT CGGCCGCTTG GGACACCACC 
40 TTGTTGGAAC CATGTAGAAC CGGTTTGCAC CAACAATTGG ACAACTTGGA TGCATGTTTG 30C 



240 



WO 94/10313 



PCT/US93/10016 



93 

GGTCAAGTTA TGGGTGAAGA AGACTCTGCT CTCGGGAGAA CCGGTCCAAC GCTAGCTTTG 3 60 

AAGAGATACT TCCAAGGTAT CCACGTTTAC TTGAAGGAAA AGGGTTACTC TGACTGTGCT 420 

5 TGGGAAACCG TGCGTCTAGA AATCATGCGT AGCTTCTCTT CTTTGATCAG CTTGCAAGAA 480 

AGATTACGTA TGATGGACGG TGACTTGTCG AGCCCA 5l6 

10 (2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 172 amino acids 

(B) TYPE: amino acid 

15 (C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: protein 



20 



25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



Cys Asp Leu Ser Gin Asn His Val Leu Val Gly Arg Lys Asn Leu Arg 
15 10 15 

Leu Leu Asp Glu Met Arg Arg Leu Ser Pro His Phe Cye Leu Gin Asp 
20 25 30 

Arg Lys Ab P Phe Ala Leu Pro Gin Glu Met Val Glu Gly Gly Gin Leu 
30 35 40 45 

Gin Glu Ala Gin Ala lie Ser Val Leu His Glu Met Leu Gin Gin Ser 
50 55 60 

35 Phe Asn Leu Phe His Thr Glu His Ser Ser Ala Ala Trp Asp Thr Thr 

65 70 75 ao 



Leu Leu Glu Pro Cys Arg Thr Gly Leu His Gin Gin Leu Asp Asn Leu 
85 90 95 



40 
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10 



Asp Ala cys Leu oly Gln val Met ci y Glu Glu Asp ser Ala ^ 

Arg Thr Gly Pro Thr Leu Ala Leu Lys Arg ^ Phe 01n 
115 120 125 

Val Tyr Le « Ly fl Gln Lys Gly ^ Ser Aflp Cys ^ ^ ^ ^ ^ 

135 140 
Arg Leu clu He Met Arg Ser Phe Ser Ser Le(J n . fier Leu ^ ^ 



150 



Arg Leu Arg Met Met Asp Gly Asp Leu Ser 



155 



Ser Pro 



160 



15 



165 170 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
20 < A > LENGTH: 37 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY z linear 



(ii) MOLECOLE TYPE: protein 

25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

30 5 10 15 

L " ^ ^ ^ A8 * *** His ser Cys Leu Gln Asp 



Arg Lye Aap Phe Gly 
35 35 



25 



30 



(2) INFORMATION FOR SEQ ID NO: 6: 

QUENCE CHARACTERISE 
(A) LENGTH: 31 amino acids 



40 SEQUENCE CHARACTERISTICS 
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(B) type: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION : SEQ XD NO:6: 

uKetValGluGlyispGiflieuGij 
lO 

15 

Lys Aep Gin Ala Phe Pro Val l«„ 

2o Val x. eu T yr Glu Met Leu Gin Gin Ser 



25 



!5 (2) INFORMATION FOR SEQ lD NO :7 : 

<i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 31 amino acide 
2 0 {B) TYFEt *™ino acid 

(D) TOPOLOGY.- linear 

(ii) MOLECULE TYPE: protein 

^ (*i> SEQUENCE DESCRIPTION: SEQ ID N 0:7: 

Gin Gin ser Phe Asn Leu phe 

Tyr Thr Glu Hie Ser Ser Ala Ala Trp 

Asp Thr Thr Leu Leu Glu n„ T 
0 2Q Gin Leu cys Thr Gly heu Gin Gln Gln 

(2) INFORMATION FOR SEQ I D NO:8 . 



30 



(i, SEQUENCE CHARACTERISTICS • 

(A) LENGTH : 33 amino acids 
(B, TYPE, amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 8: 

Gin Gin Gin Leu Asp His Leu Asp Thr Cys Arg Gly Gin Val Met Gly 
5 10 15 

Glu Glu Asp Ser Glu Leu Gly Asn Met Asp Pro lie Val Thr Val Lys 
20 25 30 

Lye 



(2) INFORMATION FOR SEQ ID NO: 9 : 



(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 32 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Thr Val Lys Lys Tyr Phe Gin Gly lie Tyr Asp Tyr Leu Gin Glu Lys 
5 10 15 

Gly Tyr Ser Asp Cys Ala Trp Glu lie Val Arg Val Glu Met Met Arg 
20 25 30 



30 (2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



40 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
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Cys Ala Trp Glu He Val Arg VaX Glu Met M*i- * 

x uxu Met Met Arg Ala Leu Thr Val 

10 15 



25 

" 30 



Asn 



Ser Pro 



(2) INFORMATION FOR SEQ ID NO: II: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 588 baee paira 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE: DNA (genomic) 
fiii) HYPOTHETICAL: NO 



(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: 
Sequences 

(ix) FEATURE : 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..585 



Human Interferon Tau Coding 



35 



40 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

Met s v G ir z: ~ r r atg gcc ctg gtg «■ - ~ - 

^ *e Val Leu Ser Leu Leu Met Ala Leu Val Leu Val Ser Tyr 



5 10 15 



X T T «« TCT «° ^ CAC GTG CTG 

25 30 
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GTT GGC AGG AAG AAC CTC AGG CTC CTG GAC GAA ATG AGG AGA CTC TCC 
Val Gly Arg Lys Asn Leu Arg Leu Leu Asp Glu Met Arg Arg Leu Ser 
35 40 45 

5 CCT CAC TTT TGT CTG GAG GAC AGA AAA GAC TTC GCT TTA CCC CAG GAA 
Pro Hie Phe Cys Leu Gin Asp Arg Lya Asp Phe Ala Leu Pro Gin Glu 
50 55 60 



10 



30 



ATG GTG GAG GGC GGC CAG CTC CAG GAG GCC CAG GCC ATC TCT GTG CTC 
Met Val Glu Gly Gly Gin Leu Gin Glu Ala Gin Ala lie Ser Val Leu 
65 70 75 80 



CAT GAG ATG CTC CAG CAG AGC TTC AAC CTC TTC CAC ACA GAG CAC TCC 
His Glu Met Leu Gin Gin Ser Phe Asn Leu Phe Hie Thr Glu His Ser 
15 S5 go 95 

TCT GCT GCC TGG GAC ACC ACC CTC CTG GAG CCA TGC CGC ACT GGA CTC * 
Ser Ala Ala Trp Asp Thr Thr Leu Leu Glu Pro Cys Arg Thr Gly Leu 
100 105 no 

20 

CAT CAG CAG CTG GAC AAC CTG GAT GCC TGC CTG GGG CAG GTG ATG GGA 
His Gin Gin Leu Asp Asn Leu Asp Ala Cys Leu Gly Gin Val Met Gly 
115 120 125 

25 GAG GAA GAC TCT GCC CTG GGA AGG ACG GGC CCC ACC CTG GCT CTG AAG 
Glu Glu Asp Ser Ala Leu Gly Arg Thr Gly Pro Thr Leu Ala Leu Lys 
130 135 140 



AGG TAC TTC CAG GGC ATC CAT GTC TAG CTG AAA GAG AAG GGA TAG AGC 
Arg Tyr Phe Gin Gly He His Val Tyr Leu Lys Glu Lys Gly Tyr Ser 
145 150 155 i 6 o 



GAC TGC GCC TGG GAA ACC GTC AGA CTG GAA ATC ATG AGA TCC TTC TCT 
Asp Cys Ala Trp Glu Thr Val Arg Leu Glu He Met Arg Ser Phe Ser 
35 I 65 170 175 



24C 



28£ 



336 



384 



432 



4S0 



40 



TCA TTA ATC AGC TTG CAA GAA AGG TTA AGA ATG ATG GAT GGA GAC CTG 
Ser Leu lie Ser Leu Gin Glu Arg Leu Arg Met Met Asp Gly Asp Leu 
180 185 190 



576 
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-AGC TCA CCT TGA 
Ser Ser Pro 
195 

5 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 195 amino acids 
10 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: protein 

15 <*i) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Met Ala Phe Val Leu Ser Leu Leu Met Ala Leu Val Leu Val Ser Tyr 

2 0 Gly Pro Gly Gly Ser Leu Gly Cys Asp Leu Ser Gin Aen His Val Leu 
20 25 30 

Val Gly Arg Lys Asn Leu Arg Leu Leu Asp Glu Met Arg Arg Leu Ser 
35 40 45 

25 

Pro His Phe Cys Leu Gin Asp Arg Lys Asp Phe Ala Leu Pro Gin Glu 
50 S5 go 

Met Val Glu Gly Gly Gin Leu Gin Glu Ala Gin Ala lie ser Val Leu 

His Glu Met Leu Gin Gin Ser Phe Asn Leu Phe His Thr Glu His Ser 
85 90 g5 

35 Ser Ala Ala Trp Asp Thr Thr Leu Leu Glu Pro Cys Arg Thr Gly Leu 
100 105 no 

His Gin Gin Leu Asp Asn Leu Asp Ala Cys Leu Gly Gin Val Met Gly 
115 120 125 

40 
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Glu Glu Asp Ser Ala Leu Gly Arg Thr Gly Pro Thr Leu Ala Leu Lys 
130 ~ 135 140 

Arg Tyr Phe Gin Gly lie Hie Val Tyr Leu Lys Glu Lys Gly Tyr Ser 
5 "5 150 155 160 

Asp Cys Ala Trp Glu Thr Val Arg Leu Glu lie Met Arg Ser Phe Ser 
165 170 . 175 

10 Ser Leu He Ser Leu Gin Glu Arg Leu Arg Met Met Asp Gly Asp Leu 
180 185 190 



15 



25 



Ser Ser Pro 
195 

(2) INFORMATION FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH : 25 bases 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 
<D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CCTGTCTGCA GGACAGAAAA GACTT 



3 0 (2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

3 5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 



40 (xi) SEQUENCE, DESCRIPTION: SEQ ID NO: 14: 

TCTGAATTCT GACGATTTCC CAGGC 
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15 



20 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(C, INDIVIDUAL ISOLATE: Amino acid sequence of fragment 
1-37, Human Tau-IFN 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Cys Asp Leu Ser Gin Asn Hi. Val Leu Val Gl y ^ Lye Asn Leu ^ 



10 



15 



UU *** *~ S « P« His Phe Cys Leu Gin Asp 

25 25 30 

Arg Lys Asp Phe Ala 
35 



30 



35 



(2) INFORMATION FOR SEQ ID NO:16: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; peptide 

(iii) HYPOTHETICAL: NO 

4 0 <vi) ORIGINAL SOURCE: 

(C, INDIVIDUAL ISOLATE: Amino acid sequence of fragment 
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15 



20 



25 



30 
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34*64, Human Tau*IFN 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

r T V.1 Clu oiy Oly Gin Leu G 

io 15 

Clu Ala Oln Ala He Ser Val Leu Hie Glu Met Leu Gin „„ Ser 

25 30 

(2) INFORMATION FOR SEQ ID NO: 17; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(vi) ORIGINAL SOURCE: 

0 ^-92, Human Tau-IFN 

(xi) SEQUENCE DESCRIPTION.- SEQ ID NO: 17; 

J 1 " ^ f n ^ « iB Olu His Ser Ser Ala Ala Trp 

10 15 
Asp Thr Thr L Leu Glu pro ^ ^ ^ wn 

35 30 
(2) INFORMATION FOR SEQ ID NO: 18: 



40 



(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 33 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment 
90-122, Human Tau-IFN 



10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

His Gin Gin Leu Asp Asn Leu Asp Ala Cys Leu Gly Gin Val Met Gly 
15 10 15 

15 Glu Glu Asp Ser Ala Leu Gly Arg Thr Gly Pro Thr Leu Ala Leu' Lys 

20 25 30 

Arg 



20 



(2) INFORMATION FOR SEQ ID NO: 19: 



(i) SEQUENCE CHARACTERISTICS 5 

(A) LENGTH: 32 amino acids 
25 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

3 0 (iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment 
119-150, Human Tau-IPN 

35 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 



40 



Ala Leu Lys Arg Tyr Phe Gin' Gly lie His Val Tyr Leu Lys Glu Lys 
15 10 15 



1 

1 
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Gly Tyr Ser Asp Cys Ala Trp Glu Thr Val Arg Leu Glu lie Met Arg 
20 25 30 



5 (2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 amino acids 

(B) TYPE: ainino acid 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 



15 



20 



25 



(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment 
139-172, Human Tau-IFN 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Cye Ala Trp Glu Thr Val Arg Leu Glu lie Met Arg Ser Phe Ser Ser 
15 10 15 

Leu lie Ser Leu Gin Glu Arg Leu Arg Met Met Asp Gly Asp Leu Ser 
20 25 • 30 

Ser Pro 



30 
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IT IS CLAIMED : 

1. A method of inhibiting tumor cell growth, com- 
prising contacting the cells with interferonr at a con- 
centration effective to inhibit growth of the. tumor 
cells. 



2. The method of claim l, where said interferon-r 
is that which can be obtained from a mammal of the group 

10 consisting of cows, sheep, and humans* 

3. The method of claim 1, wherein the interferon-r 
comprises a sequence selected from the group consisting 
of SEQ ID NO: 2 and SEQ ID NO: 4, 

15 

4. The method of claim 1, wherein the interferon-r 
has the sequence presented as SEQ ID NO: 4. 

5. The method of claim 4, wherein said cells are 
20 human carcinoma cells, human leukemia cells, human T- 

lymphoma cells, and human melanoma cells. 

6. The method of claim 5, wherein said cells are 
steroid-sensitive tumor cells, 

25 

7. The method of claim 6, wherein said cells are 
mammary tumor cells. 



8. A method of inhibiting viral replication in 
cells , compr is ing 

contacting cells infected with a virus with inter- 
feron-r at a concentration effective to inhibit viral 
replication within said cells. 



35 
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9. The method of claim 8, where said interferon-r 
is obtained from a mammal of the group consisting of 
cows, sheep, and humans. 

5 io. The method of claim 8, wherein the interferon-r 

comprises a sequence selected from the group consisting 
of: SEQ ID NO: 2 or SEQ ID NO: 4. 

11. The method of claim 8, where said virus is an 
10 RNA virus. 

12. The method of claim 11, where said virus is 
selected from the group consisting of feline leukemia 
virus, human immunodeficiency virus, or hepatitis c • 

15 virus . 

13. The method of claim 8, where said virus is 
hepatitis B virus. 

20 14. A method of enhancing fertility in a female 

mammal, comprising 

administering to said mammal an effective mammalian 
fertility enhancing amount of human interferon-r in a 
pharmaceutical ly acceptable carrier. 

25 

15. The method of claim 14, where said interferon-r 
has the protein sequence presented as SEQ ID NO: 4. 

16. An isolated nucleic acid which encodes a human 
3 0 interferon-r . 

17. The nucleic acid of claim 16, wherein said 
nucleic acid molecule has the sequence presented as SEQ 
ID NO: 11. 

35 
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18 



10 



™ 8 nUClei ° acid of «. wherein said 

n;; . noiecuie has the ~- as SE0 

19. An expression vector comprising 

frame «, - ^ * nUClelC ^ COntaini »* » open reading 
frame that encodes human interf eron-r ; and 

Cb) regulatory sequences effective to express 
saxd open reading frame in a host cell. express 

regul!t<;rv The eXPreSS± ° n VeCt ° r of cla - wherein said 

regulatory sequences include, 5' to said nucleic acid 
sequence, a promoter region and an ATG start codon in- 
frame with the interferon-, coding sequence, and 3 - L 

follow^T S6gUenCe ' 3 tr - Slati - terminal signal 
followed by a transcription termination signal. 

21. The expression vector of claim i 9 , wherein said 
nuclei acid is included in the sequence is selected fro, 

xTko'T consisting of SEQ ID NO:1 - seq => — - ST 

protein" A reC01nb:Lnantly P^uced human interf eron-r 

25 

v 23 " ^ reCOmbinantl y Produced protein of claim 2 2 
wh lch includes the sequence presented as SEQ id NO :4 

24. The recombinants produced protein of clai™ 
Said Pr ° tein haS the Begu«,ea presented as SEQ ID HO: 12. 

25 a method of recombinant^ producing interferon- 
r, comprising 
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introducing into suitable host cells, a recombinant 
expression system containing an open reading frame (ORF) 
having a polynucleotide sequence which encodes a human 
interferon-T polypeptide, where the vector is designed to 
5 express the ORF in said host, and 

culturing said host under conditions resulting in 
the expression of the ORF sequence. 

26. The method of claim 25, wherein the interferon- 
10 t polypeptide has the sequence presented as SEQ ID NO: 4. 

27. The method of claim 25, wherein the expression 
vector is a lambda gtll phage vector and the host cells 
are £. coll. 

15 

28. The method of claim 25, wherein the polynucleo- 
tide sequence has the sequence presented as SEQ ID NO: 3. 

29. The method of claim 28, wherein the host cells 
20 are yeast. 

30. The method of claim 28, wherein the host cells 
are insect cells. 

25 31 * The method of claim 25, wherein the polypeptide 

has the sequence presented as SEQ ID NO: 4, and the poly- 
nucleotide has the sequence presented in SEQ ID N0:ii. 

32. An expression system for expressing a interfer- 
30 on-r polypeptide, comprising 

a host capable of supporting expression of an open 
reading frame in a selected expression vector, and 

the selected expression vector containing an open 
reading frame (ORF) having a polynucleotide sequence 
35 which encodes a human interferon-T polypeptide. 



WO 94/10313 



PCT/US93/10016 



109 

33. " The expression system of claim 32, wherein the 
polypeptide is selected from the group consisting of: SEQ 
ID NO: 4 , SEQ ID NO: 15 , SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID 
NO: 18, SEQ ID NO: 19 and SEQ ID NO: 20. 

5 

34. The expression system of claim 32, wherein the 
polypeptide is the polypeptide having the sequence pre- 
sented as SEQ ID NO: 4. 

10 35. An isolated interferon-r polypeptide, where 

said polypeptide is (i) derived from the interferon-r 
amino acid coding sequence, and (ii) between 15 and 172 
amino acids long. 

15 36. The polypeptide of claim 35, where said inter- 

feron-r sequence is selected from the group consisting of 
SEQ ID NO: 2 and SEQ ID NO: 4. 

37. The polypeptides of claim 35, where said poly- 
20 peptide is selected from the group consisting of SEQ ID 

NO: 5, SEQ ID NO: 7, SEQ ID NO: 9 and SEQ ID NO: 10. 

38. The polypeptides of claim 35, where said poly- 
peptide is selected from the group consisting of SEQ ID 

25 NO: 15, SEQ ID NO: 17, SEQ ID NO: 19 and SEQ ID NO: 20. 

39. A method of blocking the binding of an alpha- 
interferon to a cell having an alpha-interf eron receptor, 
comprising 

3 0 contacting the cell with an interferon-r polypeptide 

at a concentration effective to allow the binding of 
interferon-r polypeptide to each alpha- interferon recep- 
tor, and exposing the cells having interferon-r polypep- 
tide bound to said receptor to alpha-interf eron . 

35 
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40. The method of claim 39, where the interferon-r 
polypeptide is selected from the group consisting of SEQ 
ID N0:2, SEQ ID NO:5, SEQ ID NO:7 and SEQ ID NO:10. 



5 41- The method of claim 39, where the interferon-r 

polypeptide is selected from the group consisting of SEQ 
ID NO:4, SEQ ID NO:15, SEQ ID NO:17 and SEQ ID N0:20. 



42. A method of blocking the binding of inte*rferon- 
10 t to a cell having a interf eron-r receptor, comprising 
contacting the cell with an interf eron-r polypeptide 
selected from the group consisting of SEQ ID NO: 5, SEQ ID 
NO:7, SEQ ID NO:10, SEQ ID NO:15, SEQ ID NO:17 and SEQ ID 
NO: 20, where said polypeptide is at a concentration 
15 effective to allow the binding of the polypeptide to each 
interf eron- r -receptor , and exposing the cells having 
interferon-r polypeptides bound to said receptor to 
interf eron-r . 

20 43, Purified antibodies that are immunoreactive 

with human interferon-r. 



25 



44. The antibodies of claim 43 which are polyclonal 
antibodies. 

45. The antibodies of claim 43 which are monoclonal 
antibodies. 



46. The antibodies of claim 43, where said antibod- 
3 0 ies are reactive with a polypeptide selected from the 
group consisting of SEQ ID NO: 4, SEQ ID NO: 15, SEQ ID 
NO: 17 and SEQ ID NO: 20. 



47. A fused polypeptide, comprising: 



X / 
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(a) an interf eron-r polypeptide, where said polypep- 
tide is (i) derived from an interf eron-T amino acid 
coding sequence, and (ii) between 15 and 172 amino acids 
long; and 

5 (b) a second soluble polypeptide. 

48. A fused polypeptide of claim 47 , where said 
interferon-T sequence is selected from the group consist- 
ing of SEQ ID NO: 2 and SEQ ID NO: 4. 

49. A fused polypeptide of claim 47, where said 
polypeptide is selected from the group consisting of SEQ 
ID NO:5, SEQ ID NO:7, SEQ ID NO:9 and SEQ ID NO:10. 

15 50. A fused polypeptides of claim 47, where said 

polypeptide is selected from the group consisting of SEQ 
ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19 and SEQ ID NO: 20. 

51. A fused polypeptide of claim 47, where said 
20 second soluble polypeptide is serum albumin. 

52. A fused polypeptide of claim 47, where said 
second soluble polypeptide is interf eron-a. 



25 
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HZTOXP-l . SZQ4 -> Restriction Map ^ 9" # ^- 

DNA sequence 540 b.p. AICTGGTACCAG ... CCGIAAGGIACC linear 



Rag I 
scrr I 
EcoR II 
BstN I 
Rsa I 
Hla IV 
Kpn I 

Ban I Hae III BitO I „ g , T 

?? ?71S Wry T sraN I ^~T^> T r>!f"V Sau96 1 t!AJ 

«- c *««*ACCACGCCrCWACCXCTCCCCAAAACTCATCCXCCACCCTCC'-r-*»»»iJ 1 I.I 

"CACaiCGTCCSCACG^^ 80 

II I'll - J I - j . , -^^.rTTTAAArXTTGACGACCTCCCATACTT 

* 25 3fi 47 I, I * II 

5 47 58 « SO 




5 
6 

9 
9 
S 

11 
11 



47 
48 



Fnu4H I 
Bbv I 
Alll 



Mae XII 
Bph I 
BatE II 




160 



GC 

CGAAC 




- fiir I 

rCTCCACTSeTrrrrra *r^r-» l^l III 



M II If | usr .J. 

— ACACTACXCTXCTAGAACAACXCTCCACTGCXCTCCAACACCAACTCCAcr-z 1 1,1 

:ccxcxcatc^ 32 o 



25 < 270 2 B£ ^ ' * * I II 

2^5 270 29, 312 

259 27< * 315 



315 

315 
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Fig. 1 (con" t) 




316 
318 
318 
318 
31B 



Pl> T 
Mbo U 

Bhv_II 
Mbo II Ma 
Hch I Bxa£ I Bar I 

fill I I I II II I | | 

CCAAXACCCACTTCTOT 400 

i "i i i • i i i if • 1 1 i • i i i 

328 337 345 354 263 374 337 

331 350 • 362 330 387 



334 357 367 

334 357 
317 357 
357 
358 
358 
358 
358 

363 
363 



387 
387 



Sau96 I 
flae III 
Sau96 I 
NLa IV 



tf-V X Bapl286 I Sal T 

TTT 11 



Pst I P^nP T Rsa I 



T T T ■ Ban TT. HinC II 



BZE^LJC Mae III EhsUL Spl I SfaN I Ttwii t 

M I I II II 1 || , ft 

ACTACCTGCaG3aMAASGT53CTCTGa^ 

T»TGmCGTCCTTTTTC^^ 480 

404 419 431 444 459 471 N 

406 431 . 445 464 



477 
77 
77 
478 



447 4 6 4 4?7 

447 464 47? 

448 464 
464 
464 
4 65 
465 



Rsa I 
Nla IV 

Hse I Mae III Kon I 

HSS I Eph I Eco-R T Bin I 

HinC II BstZ II Aso7l3 

11 M I If 

ACTACTCTGCAAAAACGSTT^CTAAAATGGGr^^ 540 
TGATEASCCTTTTTGCCAATT(»TTTTA« 

! I • 1 1 -| - I I 

4 98 514 535 

498 514 522 535 

499 515 535 

535 
536 
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Mt ala pha val lau aar lau lau mat ala lau val lau val aar 

oXTOt cccc ATO OCC TTC OTO CTC TCT CTA CTO ATO OCC CTO OTO CTO OTC AOC 

htlFW cccc ATO OCC TTC OTO CTC TCT CTA CTC ATO OCC CTO OTO CTO OTC AOC 

-a -l ♦! 

tyr gly pro gly gly «ar lau aly cya tyr lau aar glu trg lau oat lau aao aim 

TAT OOC CCA OOA OOA TCT CTO GOT TOT TAC CTA TCT OAO AOA CTC ATO CTO CAT OCC 

TAC OOC CCA OOA OOA TCC CTO OOT TOT OAC CTO TCT CAO AAC CAC OTO CTO OTT OOC 

"P ffln «an hla val val gly 

X2 30 
arc glu a an lau lya lau lau aip arg mat aan arg lau aar pro hla aar cvi lau 

AOO OAO AAC CTC AAO CTC CTO OAC COA ATO AAC AOA CTC TCC CCT. CAT TCC TOT CTO 

AOO AAO AAC CTC AOQ CTC CTO OAC OAA ATO AOO AOA CTC TCC CCT CAC TTT TOT CTO 

ly« «rg glu arg ph# 

31 49 

gin aap arg lya aap pha gly lau pro gin glu mat val glu gly asp gin lau cln 

CAO OAC AOA AAA OAC TTT OOT CTT CCC CAO OAO ATO OTO GAO OOC OAC CAO CTC CAO 

CAO OAC AOA AAA OAC TTC OCT TTA CCC CAO OAA ATO OTO OAO OOC OOC CAO CTC CAO 

mXm gly 
so t , 

ly» aap gin aim pha pro val lau tyr glu mat lau gin gin aar pha aan lau pha 

AAO OAC CAO OCC TTC CCT OTO CTC TAC OAO ATO CTC CAO CAO AOC TTC AAC CTC TTC 
OAO OCC CAO OCC ATC TCT OTO CTC CAT OAO ATO CTC CAO CAO AOC TTC AAC CTC TTC 
glu ala ila aar Ma 



69 



•7 



tyr thr glu hla aar aar ala ala trp aap tax thx lau lau glu gin lau cya thx 

TAC ACA OAO CAC TCC TCT OCT OCC TOO OAC ACC ACC CTC CTO OAO CAO CTC TOC ACT 
CAC ACA OAO CAC TCC TCT OCT OCC TOO OAC ACC ACC CTC CTO OAO CCA TOC COC ACT 
ni> * pro cya arg 



a« 
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— 2^2 in "£ " ! Xm *»* «r» «rg gly gin val mat gly glu 

CTC CAA CAO CAO CTO OAC CAC CTO OAC ACC TOC AGO OOT CAA OTO ATO OOA OAO 

CTC CAT CAO CAO CTO OAC AAC CTO OAT OCC TOC CTO COO CAO OTO ATO OOA OAO 
hla aan ala lam 



107 



125 



glu aap aar glu lau gly aan mat aap pro ila val thx val lya lya tyr pha gin 

OAA OAC TCT OAA CTO OOT AAC ATO OAC CCC ATT OTO ACC OTO AAO AAO TAC TTC CAO 
OACTCTOCCCTOOaAAOOACOOOC CCC ACC CTO OCT CTO A AO AOQ TAC TTC CAO 
ala arg thx gly thr lau ala lau arg 



126 



144 



gly Ila tyr aap tyr lau gin glu lya gly tyr aar aap cya ala trp glu 11. val 

OOC ATC TAT OAC TAC CTO CAA OAO AAC OOA TAC AOC OAC TOC OCC TOO OAA ATC OTC 
WE ATC CAT OTC TAC CTO AAA OAO AAQ OOA TAC AOC ax e TOC OCC TOO OAA ACC OTC 
ala val lya tnx 



14 S 



163 



arg val glu mat mat arg ala lau mat val aar thr thr lau gin lya arg lau thx 
AOA OTC OAO ATO ATO AOA OCC CTC ACT OTA TCA ACC ACC TTO CAA AAA AOO TTA ACA 
AOA CTO OAA ATC ATO AOA TCC TTC TCT TCA TTA x-rr AOC TTO c a a OAA AOQ TTA AOA 
lau 11a aar pha aar aar lau 11* aar glu arg 

164 172 
lya mat gly gly aap lau aan aar pro and 

AAO ATO OOT OOA OAT CTO AAC TCA CCT TOA 
ATO ATO OAT OOA OAC CTO AOC TCA CCT TO* 
mat aap aar 
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CTGAGATGGGATCAGAGAACCTACCTGAAGGTTCCCCCTGACCCCATCTCAGCCAGCCCAfiCAGCAGCCGCATCTTCCCC 

81 " 140 

ATG GCC TTC GTG CTC TCT CTA CTG ATG GCC CTG GTG CTG GTC AGC TAT GGC CCA GGA GGA 
SI S20 
Met Ala Phe Val Leu Ser Leu Leu Met Ala Leu Val Leu Val Ser Tyr Gly Pro Gly Gly 
141 200 
TCT CTG GGT TGT TAC CTA TCT CGG AAA CTC ATG CTG GAT GCC AGG GAG AAC CTC AAG CTC 
S21 1 17 

Ser Leu Gly Cys Tyr Leu Ser Arg Lys Leu Met Leu Asp Ala Arg Glu Asn leu Lys Leu 
201 + 260 

CTG GAC CGA ATG AAC AGA CTC TCC CCT CAT TCC TGT CTG CAG GAC AGA AAA GAC TTT GGT 
18 37 
Leu Asp Arg Met Asn Arg Leu Ser Pro His Ser Cys Leu Gin Asp Arg Lys Asp Phe Gly 
261 320 
CTT CCC CAG GAG ATG GTG GAG GGC GAC CAG CTC CAG AAG GAC CAG GCC TTC CCT GTG CTC 
30 57 
Leu Pro Gin Glu Met Val Glu Gly Asp Gin Leu Gin Lys Asp Gin Ala Phe Pro Val Leu 
321 380 
TAC GAG ATG CTC CAG CAG AGC TTC AAC CTC TTC TAC ACA GAG CAC TCC TCT GCT GCC TGG 
58 77 
Tyr Glu Met Leu Gin Gin Ser Phe Asn Leu Phe Tyr Thr Glu His Ser Ser Ala Ala Trp 
381 440 
GAC ACC ACC CTC CTG GAG CAG CTC TGC ACT GGA CTC CAA CAG CAG CTG GAC CAC CTG GAC 
78 97 
Asp Thr Thr Leu Leu Glu Gin Leu Cys Thr Gly Leu Gin Gin Gin Leu Asp His Leu Asp 
441 ^ 500' 

ACC TGC AGG GGT CAA GTG ATG GGA GAG GAA GAC TCT GAA CTG GGT AAC ATG GAC CCC ATT 
98 117 
Thr Cys Arg Gly Gin Val Met Gly Glu Glu Asp Ser Glu Leu Gly Asn Pet Asp Pro He 
501 560 
GTG ACC GTG AAG AAG TAC TTC CAG GGC ATC TAT GAC TAC CTG CAA GAG AAG GGA TAC AGC 
118 137 
Val Thr Val Lys Lys Tyr Phe Gin Gly lie Tyr Asp Tyr Leu Gin Glu Lys Gly Tyr Ser 
561 620 
GAC TGC GCC TGG GAA ATC GTC AGA GTC GAG ATG ATG AGA GCC CTC ACT GTA TCA ACC ACC 
138 157 
Asp Cys Ala Trp Glu lie Val Arg Val Glu Met Met Arg Ala Leu Thr Val Ser Thr Thr 
621 666 

TTG CAA AAA AGG TTA ACA AAG ATG GGT GGA GAT CTG AAC TCA CCT TGA TGACTCTTGCCGACTA 
158 172 
Leu Gin Lys Arg Leu Thr Lys Pet Gly Gly Asp Leu Asn Ser Pro 

764 

AGATGCCACATCAGCCTCCTACACCCGCCTGTrrrrcATTTCAGAAGACTCTGATTTCTGCTCCAGCCACCAAATTCATTG 

844 

AATTACTTTAGCTGATACTTTGTCAGTAGTAAAAAGCAAGTAGATATAAAAGTATTCAGCTGTAGGGGCATGAGTCCTGA 

924 

AATGATGCCTTCCCTGATGTTATCTGTTGCTGATTTATTTATACCTTCTAGCATTTAACATACTTAAAATATTAGGAAAT 

972 

TTGTTAAGTTACATTTACATCTGTACATCATATTAAAATTTCTAAAACAAAAAAAAAA 
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